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ABSTRACf
More than 1500 thin-sections from 73 wells in the North Dakota
part of the Williston Basin were searched for their foraminiferal
content. This thin-section survey of the Bottineau, Tilston,
Frobisher-Alida, and Ratcliffe intervals yielded more than 700
identifiable foraminifers assigned to 26 species.
Most of the Madison foraminifers of the Williston Basin can be
placed in one of two superfamilies, the Tournayellac1a and the
Endothyracea. The Bottineau and T11ston intervals yielded more
specimens from the superfamily Tournayellacea while the
Frobisher-Alida and Ratcliffe intervals yielded more specimens from
the superfamily Endothyracea.
The foraminifers occurred in irregular stratigraphic zones
The Bottineau and Tilston intervals each had two zones of
foraminiferal occurrences. The foraminifers of these intervals were
found only in the north-central part of North Dakota in Bott1neau,
Renville, and Pierce counties. The lower one-half of the
Frobisher-Alida interval yielded no identifiable foraminifers. With
the exception of NDGS well 4097 in Ward county, all identifiable
foraminifers were found along the Nesson anticline. The Ratcliffe
interval yielded foraminifers from the lower one-half of the
interval and had a greater geographic distribution than any of the
other intervals
Mississippian foraminifers from the North Dakota part of the
Williston Basin were applied to the biozonation scheme of Mamet and
Skipp. Foraminifers found in the Bottineau interval are
x
characteristic of Biozone 7 and are of early Osagean age.
Foraminifers found in the Tilston interval are characteristic of
Biozone 8 and are middle Osagean in age. Biozone 9 was not
recognized in the North Dakota part of the Williston Basin. The
upper one-half of the Frobisher-Alida interval and the lower part of
the Ratcliffe interval contain foraminifers from Biozone 10 that is
earliest Meramecian in age. Biozone 11 was not recognized in this
study but may exist because some of the species found in the
Ratcliffe interval may belong to either Biozone 10 or Biozone 11.
The Mississippian foraminiferal fauna in North Dakota has many
similarities with faunas from the Mississippian rocks of the Western
Cordillera. It is often less diverse than those faunas reported
from the western United States and Canada but is useful for
biostratigraphic zonation.
xi
INTRODUcrION
Rocks of the Madison Group (Mississippian) in the subsurface of
the Williston basin are a complex series of carbonates and
Following the discovery of oil within the Madisonevaporites.
Group, much has been done to further our understanding of the
depositional and diagenetic history of these rocks. This is a study
of the foraminiferal fauna contained within the rocks of the Madison
Group in North Dakota.
The purpose of the study was to locate, identify, and
illustrate foraminifers in rocks of the Madison Group in the North
Dakota portion of the Williston basin that covers approximately the
western two-thirds of North Dakota (Fig. 1). This was accomplished
by using thin sections taken from cores recovered during the
drilling of wells (Fig. 2) in North Dakota.
The Williston basin is a large intracratonic basin covering an
area of approximately 129,500 square kilometers (50,000 square
miles) in North Dakota, northern and central South Dakota, eastern
Montana, southern and central Saskatchewan, and southwestern
The basin contains a thickness ofManitoba (Sandberg, 1962, p. 8).
approximately 16,000 feet (4875 m) of sedimentary rocks (Gerhard and
others, 1982, p. 990) representing every Phanerozoic period (Carlson
and Anderson. 1965).
The Williston basin was a discrete basin by Middle to Late
Ordovician with mainly carbonate deposition in the Paleozoic
1
2Figure 1. Outline and location of the Williston Basin. The basin
outline. from Laird (1956). is based on the zero elevation of
the Cretaceous Dakota Group. The cross-ruled area shows the
extent of the rocks (Heck. 1979. p. 2) of the Madison Group in
the North Dakota part of the Williston Basin.

4Figure 2. Hap showing the location of the wells used for this
study as well as the eastern erosional limit of the rocks of
the Madison Group. Wells are designated by the North Dakota
Geological Survey (NDGS) well number.
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and mainly clastic deposition in the Mesozoic and Cenozoic (Gerhard
and others, 1982). leFever and others (1987, p. 32), Lochman-Balk
and Wilson (1967), and Nisbet and Fowler (1985) indicated the
formation of the basin was much earlier than Middle Ordovician. In
the latter study it was suggested that subsidence was taking place
throughout the Cambrian wheras leFever and others (1987, p. 32)
thought the beginning of Williston Basin subsidence to be no later
than late Tremadocian and perhaps even earlier.
Laird and Folsom (1956) indicated that the anticline was formed
by vertical uplift in the basement rock. Gerhard and others (1982,
p. 993) thought that sedimentation and structure of the the basin
were controlled by movement of basement blocks that
The history of thestructurally defined in pre-Phanerozoic time.
Nesson anticline was begun with uplift in the Precambrian.
Subsequently, lower Deadwood sediments were deposited around, but
not over. the crystalline core of the anticline (Gerhard and others.
1982, p. 1000). Gerhard and others (1982) place a
north-south trending fault on the west flank of the Nesson
anticline. Laird and Folsom (1956) and Gerhard and others (1982)
cite the abrupt changes in thickness of strata across the structure
as indications of the fault.
During Mississippian time, subsidence in the basin increased
and there was an increase in sedimentation which allowed
approximately 760 m (2500 feet) of carbonates and evaporites to
accumulate in the Williston Basin (Carlson and Anderson, 1966). Sea
level was rising during deposition of the earliest rocks of the
Madison Group, the Lodgepole Formation, with ma~imun trasgression
7occurring near the end of deposition of the Lodgepole (Gerhard and
others, 1982, p. 997). Mission Canyon sedimentation indicates a
regressive sequence (Gerhard and others, 1982, p. 998) with
evaporite deposition of the Charles Formation ending deposition of
Madison rocks.
PREVIOUS WORK
Previous Lithostratigraphy
The term" Madison limestone" was first used by Peale (1893)
Hefor the rocks exposed in the Three Forks area of Montana.
divided the Carboniferous rocks into two formations which he called
Peale further subdivided the Madisonthe Madison and the Quadrant.
Formation into three parts which he called the "laminated
limestones," "the massive limestones," and "the jaspery limestones'
(Fig. 3). Weed (1899) defined units and roughly correlated
Carboniferous rocks of the Little Belt Mountains of Montana
Peale's laminated limestones, massive limestones, and the upper
jaspery limestones of the Madison.
Collier and Cathcart (1922, p. 173) formally raised the term
Madison to group status by naming two distinct formations in the
They used the name Lodgepole forLittle Rocky Mountains of Montana.
800 feet of thin bedded limestones and shales that contain
many fossils." They applied the name Mission Canyon to It. . .500
feet of massive white limestone of marine origin not so
fossiliferous as the Lodgepole limestone" above the Lodgepole
Sloss and Hamblin (1942, p. 314, 315) proposed that the terms
Lodgepole and Mission Canyon be applied throughout Montana and
northern Wyoming because the Mission Canyon Limestone of Collier and
Cathcart is lithologically and faunally identical to the Castle
Limestone of Weed (1899). They also proposed that because Weed's
8
9Figure 3. Development of the nomenclature of the Madison Group
from surface exposures and the subsurface terminology applied
in North Dakota. The Lodgepole-Hission Canyon boundary
approximately coincides with the boundary between the
Bottineau and Tilston intervals. The upper part of the
extreme eastern portions of the Bottineau interval belong in
the Mission Canyon Formation.
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Paine Shale and Woodhurst Limestone could not be treated as
formations throughout the entire area, they be treated as members of
the Lodgepole Limestone
Seager (1942), working with the subsurface, introduced the term
Charles as a member of the Madison for a sequence of interbedded
limestone, dolostone, anhydrite, and some shale. The name Charles
was derived from the Arro, California Company-Gharles No.4 well (SE
1/4 NW 1/4 sec. 21. T. 15 N, R. 30 E.) on the Cedar Creek anticline
in southwestern Montana. Seager stated that this member f111s a
"gap" between the Madison and what is now the Big Snowy Group, and
that it might be placed in the Madison Group. But because there is
widespread porosity development in the upper part of the Madison,
Seager (1942, p. 864) thought this indicated an erosional surface
and placed the Charles as the basal unit of the Big Snowy Group.
Sloss and Moritz (1.951 observed that the dolostones of the
Charles Formation in the subsurface of central Montana are
lithologically similar to the dolostones of the upper portions of
the Madison. They proposed that the Charles Formation be recognized
as the upper unit of the Madison Group in southwestern Montana.
This usage was confirmed by Anderson (1954) after extensive
subsurface mapping in the North Dakota portion of the Williston
Basin
Holland (1952) was the first to establish a type section for
the Madison. This had not been done by Peale (1893), Weed (1899),
Collier and Cathcart (1922), or Sloss and Hamblin (1942). Holland
(1952) specified as the type section for the Madison, the section on
the north bank of the Gallatin River across from Logan, Gallatin
12
County, Montana. He also gave an annotated description of the
lithology and fauna of the Lodgepole Formation at the type section.
Little further work was done until 1974 when Sando and Dutro (1974)
redefined the type sections of Madison units and the boundaries
between them with detailed descriptions and paleontology. They made
age determinations of the type sections based on brachiopods,
corals, and foraminifers
Sloss (1952) applied the nomenclature of the Madison to the
entire Williston Basin. However, subsurface workers were finding
the Lodgepole, Mission Canyon, and Charles Formations difficult to
separate. Thomas (1954) divided the Mission Canyon Formation into
five "members" based on mechanical-log markers postulated to be
caused by persistent silt zones. Thomas (1954) called his intervals
H. C. 1 through M. C. 5 with M. C. 1 representing the oldest and M.
C. 5 representing the youngest interval. Thomas suggested that
these intervals were parts of a larger cycle of sedimentation with
H. C. 1 and H. C. 2 representing one cycle and H. C. 3 marking the
start of the repetition of the cycle.
Harrison and Flood (1956) added to the M. C. 1 - M. C. 5 system
of Thomas (1954) and recognized the presence of eight "distinct
cyclothems" within the Charles Formation. To follow the labeling
scheme set forth by Thomas, they designated the Charles cyclothems C
1 through C 8, in ascending order
Porter (1955) agreed with Thomas that the'markers are thin
Porter pointed out that these marker beds "thin-out"clastic zones.
basinward and that grain size decreases to silt in the same
direction. From this, he concluded that these clastic zones imply
.13
subaerial erosion and that they represent times of fluctuating sea
levels. Porter (1955) also concluded that since these clastic zones
cut across lithofacies boundaries, they could be used as time
markers
Fuller (1956, p. 13) agreed with the use of marker-defined
intervals for subsurface work and objected to the names Lodgepole
and Mission Canyon saying,
. . . the rocks have nothing else in
common with the type sections save that they are Madison Group
carbonates." Fuller 1956) divided the "Madison limestone' into the
upper and lower Madison limestone with the lower Madison limestone
aproximately equivalent to the Lodgepole Formation. He then applied
names to the limestones of the upper Madison limestone that refer to
districts where each unit produced oil (except for the M. C. 1
limestone) to provide an easy correlation with the M. C. system of
Thomas (1954).
In 1956, the Saskatchewan Geological Society Mississippian
Names and Correlations Committee met to standardize the
Mississippian subsurface nomenclature. They divided the carbonates
between the Bakken Formation and the Big Snowy Group into six "beds"
to avoid confusion with formations. The oldest unit they called the
"Souris Valley beds" which were set as equivalent to the Lodgepole
Formation of Thomas (1954) and the lower Madison limestone of Fuller
(1956). Conformably on top of the "Sour is Valley beds," they
recognized the "Tilston beds," named from the Tilston oilfield in
Manitoba. These "beds" were said to be bounded below by the Souris
Valley beds and on top by the "M. C. 2 member" of the Mission Canyon
Formation as defined by Thomas (1954). They said that the
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"Frobisher-Alida beds" overlie the "Tilston beds" and are equivalent
to the M. C. 3, M. C. 4, and M. C. 5 "members' of the Mission Canyon
Formation as defined by Thomas (1954). The committee placed the
Charles-Mission Canyon boundary at the top of the Frobisher-Alida
"beds. "
The "beds" of the Charles Formation, in ascending order, were
called the "Midale beds," named from the Midale oilfield in
Saskatchewan, the "Ratcliffe beds," named from the Socony Central
Leduc Del Rio Ratcliffe No.1 well, and the "Poplar beds," named
after the Poplar oilfield in Montana.
In 1959 the North Dakota Geologial Society formed a committee
on the nomenclature of the Madison Group and published its
conclusions in 1960 (Smith, 1960). A more detailed report of the
committee was published in a North Dakota "Geological Society
Geologram (1959). The committee, chaired by Smith, desired to
change the status of Lodgepole, Mission Canyon, and Charles
Formations from formations to facies. The committee also redefined
some of the Saskatchewan terminology by dropping Hidale and changing
the name of Souris Valley to Bottineau. In addition, they used the
term tlinterval ff rather than "beds" because the American Commission
on Stratigraphic Nomenclature recognized the term "bed" as a formal
unit smaller than a formation. The committee was careful to point
out that the intervals are based on "markers" and not lithology, and
that a facies can be crossed by several intervals. A further
discussion of the report of the committee can be found in Carlson
and Anderson (1966).
Much work in the subsurface has been done over the years and
1~
there have been attempts to standardize the nomenclature. Harris,
Land, and Mclever 1966) divided the marker-defined intervals into
smaller units named after areas, wells, or oilfields from which they
produce. While marker-defined intervals are very useful, they
cannot be used over the entire basin. Carlson and leFever (1987
addressed some of the problems involved with the attempts to
standardize the Madison nomenclature. Because the formations of the
Madison Group are, in part, lateral facies of each other in the
Williston Basin, and because the formations are cut by marker
horizons, there is still difficulty in expressing the true relations
by using either the formal Lodgepole, Mission Canyon, and Charles
Formations or the informal, marker-defined intervals alone. Carlson
and LeFever (1987, p. 79) suggested the usage of the formal terms,
Madison Group and Lodgepole, Mission Canyon and Charles Formations,
in conjunction with the informal marker-defined intervals. In this
scheme, the contacts of the formations become progressively lower
toward the basin margins and a marker-defined interval may be
present in more than one formation.
Previous Biostratigraphy
Zeller (1950) was the first in the United States to recognize
the usefulness of endothyroid foraminifers for stratigraphic
zonation (Fig. 4). Primitive endothyroids appear in Devonian rocks
and are followed by a rapid evolutionary development during the
Mississippian (Zeller, 1950, p. 2). Zeller (1957) studied twelve
measured sections from Arizona, Nevada, Utah, Wyoming and Montana.
He defined five foraminiferal biozones for the Mississippian rocks.
~6
Figure 4. Chart showing the evolution of Mississippian
foraminiferal biozonation schemes and age relationships used
in the western regions of North America.
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The lowest or oldest zone was the Granuliill~_lla zone which Zeller
(1957) considered to be Kinderhookian in age. The next higher zone
was the PlectoRvra tumula zone which was considered to be Osagean.
Meramecian rocks were divided into lower and upper zones with the
Endothyra spiroides zone representing lower Meramecian rocks and
the Endothyra symmetrica zone representing upper Meramecian rocks
Zeller had little material from rocks thought to be of Chesterian
except for one of the sectons studied. The Paradise Formation
at the top of the Chiricahua Mountains section contained a
Chesterian fauna. Zeller (1957) placed this fauna in the
Paramillerel1~ zone.
Woodland (1958) divided the Mississippian rocks of central Utah
three zones based on the foraminiferal fauna. He found
Zeller's (1957) zones to be generally applicable and was able to add
more information and re-define the Chesterian zone from which Zeller
limited material. Woodland found the local ranges to vary
His earliest zone was the ~r~uliferella zone. Thesomewhat.
upper portion of this zone contained the PlectoRyra tumula
subzone. These zones were considered to be Osagean in age.
Woodland (1958) had one zone each for the Meramecian and Chesterian
These foraminiferal zones were the Endothyra symmetricaages.
zone and the PlectoRyra kleina zone, respectively
McKay and Green (1963) extended the foraminiferal studies into
Theythe southern Canadian Rockies near Banff and Jasper, Alberta.
used a composite of the zonation schemes of Zeller (1957) and
Woodland (1958). McKay and Green (1963) added an Endothyra tumula
- ~_d2thvr_a spinosa concurrent range zone to the upper part of the
19
Endothrya tumula zone. McKay and Green (1963) recognized an
Endothyra lanceolata range zone starting in the latest Osagean and
ending with the termination of the Endothvra spiroides zone. They
also recognized the Endothvra symmetrica zone and renamed it the
Endothyra z~lleri zone because of a pre-occupied name. Contained
within this zone, McKay and Green included an Endothvra banffensis
local range zone. MCKay and Green (1963, p. 2) also recognized the
importance of the "nonendothyroid" foraminiferal fauna noting they
had a "restricted vertical range."
Skipp (1969) did a foraminiferal study of the Mississippian
Redwall Limestone of Arizona. She used a numerical zonation scheme
to indicate assemblage zones. Her unnamed Kinderhookian zone 1 was
Zones 2,3 andapproximately equal to Zeller's Granuli~r_~~ zone.
4 were roughly equivalent to Zeller's Endothyra tumula zone and
were of Osagean age. Zone 2 was called the Tuberendothyra
paratumula assemblage zone and was divided into two parts, A and B.
Zone 3 was the Tuberendothvra tuberculata assemblage zone and zone
4 was the Endothvra spinosa assemblage zone. Zone 5 of Skipp was
Skipp (1969)called the EomillereUa s1>iroides assemblage zone.
subdivided zone 5 into parts A and B with the basal part of subzone
SA of possible late Osagean age and the upper part of subzone SA and
Zone 6 was the Eomillerella
-
all of subzone 5B of Meramecian age.
scitula assemblage zone which corresponds mostly to the Endothvra
svmmetrica zone of Zeller (1957) and the Endothyra zelleri zone of
McKay and Green (1963). However, the uppermost and lowermost
boundaries of this zone could not be defined.
Mamet and Skipp (1970a) devised a biozonation scheme based on
20
assemblage zones of several different taxa of foraminifers and
algae. This was a world-wide zonation based on cosmopolitan taxa
that are found in North America, Europe, and Asia. This biozonation
scheme has been widely accepted by workers since it was published
Very little biostratigraphic work has been done with the
Madison Group in the Williston basin. Sando and Mamet (1981) were
the first to compare the foraminifers from the subsurface Madison to
those from the outcrop. They used foraminifers found in cores from
Byeastern Montana and a single core from western North Dakota.
examining the foraminiferal fauna and algal flora, Sando and Mamet
{1981 were able to confirm an earlier zonation using corals by
Sando (1978). They stated that three out of four microfossil-zone
boundaries coincide with coral-zone boundaries. Sando and Mamet
(1981) recognized representatives from Biozones .8,9, and 10.
They also stated that Biozones 11 and 12 may be present but could
not be confirmed
Waters 1984,1987) did a biostratigraphic study of the Madison
He foundusing corals from the subsurface of North Dakota.
Madison Group to contain coral zones he called I, II, and IlIA.
Waters (1987) further subdivided zones II and IlIA into four zonules
based on the coral fauna (Fig. 5). These zonules span ages
middle Osagean to early Meramecian
Huber (1986) reported Kinderhookian conodonts from the lower
Waters (1984) reported scarce15 m of the Lodgepole Formation.
corals of the same age from the same well near the base of the
Lodgepole Formation. No other fossil groups have been studied for
biostratigraphic purposes from subsurface Mississippian rocks of the
21
Williston Basin. Many fossil groups are present in abundance and
could possibly be very useful as stratigraphic markers, especially
toward the eastern margins of the basin where the rocks are thought
to belong to more restricted environments.
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Figure 5. Relationship of the coral zones and zonules of Waters
and Sando (1987) to the gamma-ray well log characteristics of
the rocks of the Madison Group in NDGS well 607 in Dunn County
(Waters and Sando, 1987, p. 127).

STRATIGRAPHY
The Madison Group rocks used for this study are bounded below
by the Bakken Formation and above by the unconformity below the Big
Snowy Group. Near the edges of the basin, the Madison Group
unconformably overlies the Three Forks, Birdbear, and Duperow
Formations, all of Devonian age. The Madison Group is overlain by
the Big Snowy Group (Kibbey Formation) in the central part of the
Eastward, theWilliston Basin and along the Nesson Anticline.
Madison Group is overlain by the Spearfish Formation or the Piper
Formation to the erosional1imit of the Madison Group.
The use of the informal subsurface intervals proposed by Smith
(1960) was chosen as the most convenient way to present the data
Previous studies by Heck (1979),collected during this study.
Himebaugh (1979), Catt 1982), and Obelenus (1985) were done using
these marker-defined intervals. Much of the materials from these
studies, especially the thin-sections, were available for use.
The Bottineau interval is a marker-defined interval whose top
was picked at a log deflection marking the beginning of a series of
This interval commonly coincides with theargillaceous limestones.
Lodgepole Formation except in the extreme eastern margins of the
basin where oolitic shoals are considered to be in the Bottineau
interval and the Mission Canyon Formation (Fig. 6). Since the
Lodgepole Formation was described in outcrop as thin-bedded
limestone and shale, subsurface workers used a log deflection
thought to represent a series of dense, argillaceous, limestones to
identify the top of the Lodgepole Formation (Fig. 5). These rocks
24
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were formerly called the "Souris Valley beds" by the Saskatchewan
Geological Society in 1956 and renamed the Bottineau interval by the
North Dakota Geological Society. The rocks of the Bottineau
interval conformably overlie the Bakken Formation in the central
portion of the basin and are bounded above by II
. . . the top of a
50-foot thick series of argillaceous limestone beds which form
characteristic features on the spontaneous potential1og"
(Saskatchewan Geological Society, 1956. p. 2). The lower boundary
of the Bottineau interval was placed at the top of the Bakken
Formation where this unit was present, or an unconformity on top of
the Devonian Three Forks, Birdbear, or Duperow Formations, along the
eastern and southern margins of the basin.
The Tilston interval overlies the Bottineau interval. :t
consists of two parts which are the M. C. 1 and H. C. 2 members of
Thomas (1954, p. 138, 139) or the T-l and T-2 of Himebaugh (1979).
According to Himebaugh, (1979, p. 23) the T-1 is carbonate and T-2
is mainly anhydrite with interbedded anhydrite and dolomitic
mudstones. Toward the basin center the T-2 unit gradually becomes
less distinct until it can no longer be detected. From this point
Tilston interval and the lower Frobisher-Alidawestward the upper
interval cannot readily be distinguished from each other.
The Frobisher-Alida interval lies above the Tilston interval.
The lower boundary is the top of the T-2 unit of Himebaugh (1979)
The top of the Frobisher-Alida intervalwhere this unit is present.
is at the base of the large gamma-ray deflection that marks the base
of the Ratcliffe interval (Fig. 6).
26
Figure 6. Gammma-ray well log characteristics of the rocks of the
Bottineau, Tilston, Frobisher-Alida, and Ratcliffe intervals
(from Waters, 1984, p. 23)
NDGS NO. 607
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Figure 7. Cross-section of Madison Group rocks from Bottineau and
Renville Counties showing the marker-defined interval
boundaries as well as the formational boundaries (dashed lines
where not coincident with interval boundaries) "climbing"
toward the west (modified from Carlson and leFever, 1987, p.
80-81).
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Obelenus (1985, p. 27) described the rocks found within the
Frobisher-Alida interval as "
. . . composed of carbonates and
evaporites in a complex relationship." The carbonate rocks are
thick toward the west with no evaporites and decrease in thickness
toward the east with an increasing thickness of evaporites
The Ratcliffe interval lies above the Frobisher-Alida interval.
The base of a large gamma-ray deflection, caused by a lOO-foot
interval of evaporites and mudstones, marks the base of the
Ratcliffe interval and the base of the Poplar interval marks the
upper boundary. Catt (1982, p. 16) described the rocks of the
Ratcliffe interval as being deposited in "
. . . dominantly
regressive to restricted marine conditions. . . . The rocks
within the Ratcliffe interval thin to an erosional edge toward the
eastern basin margins where they are overlain by very late Paleozoic
or Mesozoic rocks. Toward the basin center, the rocks of the
Ratcliffe interval are unconformably overlain by the Big Snowy Group
to where the evaporites of the Poplar interva.l overlie the
Ratcliffe.
METHODS
Materials for this study consist of cores and thin sections,
most of which were provided by the North Dakota Geological Survey,
housed at the Wilson K. Laird Core and Sample Library at the
University of North Dakota; other thin sections were made by me
Wire line-log data were also used in identifying the formational and
interval boundaries used in this study. Thin sec tions were examined
on a microfiche reader. Foraminiferal content was noted and
lithologic descriptions were written. Lithologic descriptions were
then refined using an AusJena Laboval 4, transmitted-light
Foraminifers were located, measured, andtrinocular microscope.
photographed using this light microscope and a Nikon camera
attachment
The best method of determining the presence or absence of
foraminifers, as well as identifying them, was in thin sections.
Cores were described and thin sections were made from either core
plugs or rocker slabs at obvious lithology changes noted in the
Rocks that were predominantly anhydrite were not sampled.core.
This method of sampling for foraminifers effectively limited the
area to be studied by limiting the number of samples that could be
checked for foraminifers. A large number of thin sections were made
and described that contained no foraminifers. Because of the small
size of many of the foraminifers, it was necessary to make thin
sections of core samples just to find out if any foraminifers were
present.
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Acetate peels were made from polished surfaces of core slabs
and placed between two 2-inch X 2-inch glass slides and projected
onto a screen in the same way a photographic slide is projected.
This worked well for the foraminifers that are relatively large
Foraminifers(> 0.75 rom) in a grainstone or skeletal packstone.
that are relatively small « 0.5 mID) were very rarely visible even
in the best acetate peels. Muddy textures and high peloid contents
kept most foraminifers from being visible. Peloids, rounded clasts
and other skeletal grains commonly gave the impression that
foraminifers were present when they were not.
The most efficient way to locate foraminifers was to look at
previously made thin-section collections from the rocks of the
Madison Group. These thin sections are the property of the North
Dakota Geological Survey. More than 1500 thin sections were
described in detail from 73 different wells representing more than
2065 m (7000 feet) of core from the Madison Group in the North
Dakota part of the Williston Basin.
Thin sections were first examined using a microfiche reader by
placing a thin section in the tray designed to hold the microfiche.
This allowed for a large field of view (0.9 cm to 1.2 cm) for
determination of grain-to-grain relationships. It also proved to be
an efficient way to scan a thin section systematically for specific
types of grains, such as foraminifers, as well as an efficient way
to gather data for estimating percentages of constituent grains.
This was done by placing a grid drawn on clear plastic over the
screen and counting the grains at the intersections of the grid
lines
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Thin sections that contained foraminifers were examined under
When foraminifers were located,the transmitted light microscope.
the position of the mechanical stage was recorded for future use
In order to relocate a particularwith that particular microscope.
foraminifer on a slide with any microscope, a transparent overlay
marked with a l/4-inch grid was placed over the entire thin section
The origin was always locatedstill on the stage of the microscope.
in the lower left-hand corner of the glass slide. This point would
be regarded as 0.0 - 0.0. The location of the specimen was recorded
as two coordinants with the first coordinant taken as a point along
the long axis of the thin section and the second coordinant taken
along the short axis. Whenever possible, the thin section was
arbitrarily oriented so that the well number and depth, or other
permanent markings on the thin-section, were oriented toward the
right-hand side of the stage. Thus, any foraminifer can be
relocated for further examination, measurements, or photography.
These numbers also serve as a catalogue number for each illustrated
The NDGS well number and depth serve as the cataloguespecimen.
number for each thin section and the location coordinates are the
means of locating any of the illustrated specimens
Specimens were then photographed using a Nikon camera body on
the trinocular tube of the AusJena Laboval 4 microscope with a green
The film used was Kodakfilter placed over the light source.
Panatomic X, and it was developed with Hicrodol X developer diluted
1:1. This film was chosen because it is fine grained. The
negatives were then printed on pieces of medium-weight, glossy,
Ilford Ilfospeed 2.1K photographic paper cut to 4 inches by 2 1/2
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inches from 8-inch by 10-inch sheets. These prints were all at a
scale ranging from 22.5X to 24.5X.
The photomicrographs were treated as collected specimens that
could be easily compared with other specimens. Measurements were
not taken from photographs because of the uncertainty of exactly
uniform enlargement. Each time the enlarger head was moved or
refocused, the scale of the photograph was changed enough that
Measurements ofmeasurements from photographs were not accurate.
indi viduals were made with an ocular reticle in the AusJena Laboval
The diameter of a4 microscope calibrated with a stage micrometer.
coiled individual could be taken from either a sagittal section
(transverse to the axis of coiling) or an axial section
(perpendicular to the axis of coiling) through the foraminifer. The
maximum distance was always used as the diameter in non-rounded
forms. Widths of individuals could only be determined from axial
sections. The size, shape, and arrangment of chambers could be
determined from sagittal sections only. The thickness of the
chamber wall could be determined from either axial or sagittal
sections. Commonly, an interior wall was used for wall-thickness
measurements because recrystallization of material surrounding an
individual made the exact boundary of the outer wall of the
foraminifer unclear.
Photomicrographs of individual specimens were very useful.
However, they could not be relied on entirely for identification
purposes. The deta1l1n the photomicrographs was commonly not
enough for determining wall structure, secondary deposits, septa,
septal thickening, or the degree to which recrystallization might
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have affected the specimen. It was necessary, in many cases, to
relocate a foraminifer on a thin section for further examination,
especially at higher magnifications, with the light microscope.
The specimens represented by the photomicrographs were
identified to species wherever possible. In many cases, individuals
could not be identified because of poor preservation or because the
section through the foraminifer was not oriented to reveal
characteristics of the species. Fragments of tests were treated the
same as poorly preserved or poorly oriented thin sections with the
mere presence of foraminifers noted at that particular depth in a
particular well.
The thin sections existing in the North Dakota Geological
Survey collections were most commonly oriented vertically with
respect to the core. Thus. the thin section was perpendicular to the
bedding plane. Although this is useful in many ways, this
orientation of thin sections is not ideal for this type of study.
Because foraminifers of this study are more or less disk-shaped
rather than spherical, they tended to be deposited lying flat on the
bedding planes. Thin sections taken perpendicular to the bedding
planes have a large number of axial sections through the
foraminifers. Axial sections commonly do Dot have much of the
information (normally, the size and shape of secondary deposits, the
presence or length and thickness of septa, and the number and size
of chambers). Thin sections that are made parallel to bedding
planes tend to have more sagittal sections which contain this
information
Interval tops and bottoms were picked from wireline logs of the
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North Dakota Geological Survey. In the cases where the particular
well core being studied did not penetrate the entire interval,
extrapolation from near by wells was used to determine the probable
thickness of the interval in that well. Then cross-sections of the
wells containing foraminifers in an interval were made, using the
top of that interval as a datum. The occurrences of all
foraminifers noted in a well were plotted using the depth from which
they were found according to the depths indicated on the core box
After the thicknesses of the intervals were determined from
wire1ine logs; those wells not affected by erosion were taken as
containing 100 percent of the interval. The cored zone represents a
certain percentage of that interval and the percentage of the
uncored interval can be calculated. The zones of foraminifer
occurrence were calculated in the same manner. This made it easier
to visualize the occurence of the species found in a particular
interval in relation to the upper and lower boundaries of that
interval. The limiting assumption here is that the interval was not
affected by subsequent shortening (so that 100 percent of the
interval is present). This does not take into account compaction,
dissolution, dolomitization, or stylolitization; but for the
purposes of illustration, this assumption seems adequate.
Using the local ranges determined for the different species and
the cross sections that were constructed, the biozones defined by
Mamet and Skipp {1970a) were determined for the stratigraphic
intervals studied. The presence of a particular biozone was
determined by the species present and the abundance of individuals
of those species. The biozones erected by Mamet and Skipp (19708)
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include taxa from many locations in North America, Europe, and Asia.
By comparing my material with the biozonation scheme used by Mamet
and Skipp (1970a), age determination of each interval was possible.
FORAMINIFERAL FAUNA
List of the Foraminiferal Fauna
The foraminiferal fauna from the Madison Group of the Williston
Basin in North Dakota is arranged in biological order (Table 1)
The unit or units in which each species was found is on the right;
the intervals are abbreviated as Bottineau (B), Tilston (T)
Frobisher-Alida (F-A), and Ratcliffe (R); and the formations are
abbreviated as Lodgepole (L) and Mission Canyon (MC).
TABLE 1 .
.
List of the Foraminiferal Fauna
, -~ - INTERVAL FORMATION
-- '--
-
TAXA
-
Order Foraminiferida
Suborder Fusulinina
Superfamily Earlandiacea
Family Earlandiidae
Ear landia
Ear landia sp. F-A, R MC
R MC
Superfamily Moravamminacea
Family Caligellidae
Paracalig.ella
Paracalig.ella sp.
Family Paratikhinellidae
Paratikhinelli
~aratikhinel~ sp. R MC
F-A, R MC
Superfamily Tournayellacea
Family Tournayellidae
Subfamily Tournayellinae
Tournavella
T. discoidea
S;bfamily Forschiinae
Pohlia
F-A. R ~P. henbesti
Eoforschi~-
~. .moelleri F-A, R
Subfamily Septabrunsiinae
~ectosePtaRlomospiranella
RectosePtaRlomospiranell~.nalivkini
Bectosepta2lomospiranella sp.
~ePt~RlomosDiranella
S. chernoussovensis
:§:. primaeva
~. ~_e
MC
B
B
L
L
B, T
B
B, F-A
L, MC
L
L, MC
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TABLE l~ontinued
~ ---
INTERVAL
---~
FORMATIONTAXA
.- - ~--~~
Septabrunsiina
.§.. .kranica B. T
Spinobrunsiina
.§.. parakranica
Subfamily Chernyshinellinae
Chernvshinel!af. ~Atef1exa
C. twnulosa
"S'pinotournavella
S. twnula B, F-A
Subf;miIY-Palaeospiroplectammininae
Palaeospiroplect8DlDina
f.. tchernvsh1nensis
B, T, F-A L. MC
B
T
L
MC
L, MC
B ~
B T,
F-A
F-A
F-A
F-A
MC
MC
MC
MC
F-A, R
B
F-A, R
F-A, R
F-A, R
MC
L
MC
MC
MC
T MC
Superfamily Endothyracea
Family Endothyridae
Subfamily Endostaffellinae
Latiendothvra
,1.. parakosvensis
Spinoendothvra
~. paratumula
S. recta
K. 'spinosa spinosa
~. spinosa .crassitheca
Subfamily Endothyrinae
Endothyra
!. .bailevi
!. .incrassata
E. tantala
g. torQuida
!. .trachi~-
Tuberendothyra
I. !-uberculata
Subfamily Endothyranopsinae
Eoendothvranopsis
!. spiroides
, ~--~ ---
F-A, R
=
MC
Overview
An overall view of the foraminiferal fauna of the Madison Group
in the North Dakota portion of the Williston Basin shows two major
features. The first is the sporadic occurrence of the foraminifers.
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Several large stratigraphic gaps exist where no foraminifers were
identified but foraminifers were found to be in abundance in other
parts of the section. Whereas this may be due, in part, to core
availability and the sampling techniques used, the occurrences of
foraminifers appear to be consistent throughout the study area.
Occurrences of foraminifers apparently are confined to relatively
small geographic areas, as well. Foraminifers were found in only
three wells each within the Bottineau and Tilston intervals and
along the Nesson anticline in the Frobisher-Alida interval. The
occurrence of foraminifers in the Ratcliffe interval is much more
widespread than in any other interval studied.
Foraminifers of the Bottineau and Tilston intervals occurred in
two distinct zones in each interval. The zones of the Bottineau
interval, both within the top half of the interval, total only about
one-fourth of the thickness of the interval and are thinner than the
zones of the Tilston interval which total about half of the section.
The Frobisher-Alida and Ratcliffe intervals each had a single zone
that contained most of the foraminifers with a few of the
foraminifers occurring both above and below these zones. Of the
total number of identifiable individuals from the Frobisher-Alida
interval, 91 percent were found within a narrow zone in the upper
half of that interval. Nearly the same percentage holds true for
the lower half of the Ratcliffe interval. The lower one-half of the
Frobisher-Alida interval and the upper one-half of the Ratcliffe
interval yielded no identifiable foraminifers
Another feature concerning the foraminiferal fauna was the
shift from diverse tournayellaceans in the Bottineau and Tilston
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intervals to diverse endothyraceans in the Frobisher-Alida and
Ratcliffe intervals. The foraminifers of the Bottineau interval
were found to be of approximately 73 percent tournayellaceans with
96 individuals in 7 genera and 10 species, and 27 percent
Inendothyraceans with 3S individuals in 2 genera and 2 species.
Tilston interval, the tournayellaceans constituted 35 percent of
identifiable foraminifers with 27 individuals in 4 genera and 4
species, and the endothyraceans were 65 percent of the total number
with 50 individuals in 2 genera and 2 species.
Tournayellaceans of the 'robisher-Alida interval were about 40
percent of the foraminifers with 123 individuals in 3 genera and 3
The endothyraceans made upspecies all making a first appearance.
60 percent of the foraminifers with 186 individuals in 3 genera and
9 species. The numbers of individuals remained high in the
Ratcliffe interval but there was a large shift to dominantly
endothyraceans with 200 individuals comprising 96 percent of the
identifiable foraminifers
Bottineau interval
The foraminifers of the Bottineau interval consisted mainly of
tournayellaceans and were confined to the upper half of the
interval. No identifiable foraminifers were found in the lower half
of the interval. Other organisms such as ostracodes, gastropods,
brachiopods, bryozoans, and trilobites were present near the base of
the section close to the Bakken contact in NDGS well 607 in Dunn
3,196.0 m) to 10,508 feet (3,203.7 m)County, in a zone 10,483 feet
below the Kelly Bushing (K. B.). NDGS well 615 in Rolette County
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similar fauna and a few corals at a depth of 2,470 feet (753.0
Core availability for the lower half ofm) to 2,609 feet (795.4 m).
the Bottineau interval was limited and was generally confined to
Bottineau and Rolette counties, very near the erosional edge of the
interval and often represented by rocks that contained more mud,
fewer organisms, and more evaporitic material, characters generally
Huberthought to indicate a more restricted marine environment.
(1986, p. 76) reported a fauna consisting of "
. . . a large amount
of pelmatozoan material, gastropods, brachiopods, ostracods,
scolecodonts, and conodonts," from the lower 15 metres of the
~odgepole Formation (lower Bottineau interval) in Dunn, Hettinger,
McKenzie, and Mountrail Counties.
The upper half of the Bottineau interval contained common to
Theseabundant tournayellaceans and rare endothryaceans.
foraminifers came from two zones within the upper half of the
Bottineau interval in NJX;S well 274 in Pierce County and from NOOS
veil 917 in Rolette County (Fig. 8). The lower zone in NDGS well
999.7 m) below the274 was at 3,341 feet (1,018.6 m) to 3,279 feet
The upper zone was at 3144 feet (958.5 m) to 3,075 feet (937.5
In NDGS well 917, in Rolette County, the lowerm) beloW' the K. B.
zone was at 2,804 feet (854.9 m) to 2,809 feet (856.4 m), and the
upper zone at 2,650 feet (807.9 m) to 2,664 feet (812.2 m). The
foraminiferal zones occur at similar stratigraphic positions (Fig.
The upper and lower zones of all three wells contained five
taxa in common.
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Figure 8. Cross section of the Bottineau interval wells that
contained foraminifers except for NDGS well 38. The top of
the interval was the datum used and the cross-ruled areas show
the portion of the rocks that were cored. The solid vertical
lines represent the occurrence of foraminifera.
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Figure 9. Distribution and relative abundance of foraminifers from
the Bottineau interval. The left column is arranged to show
the core distribution within the interval. For illustrative
purposes, varriations in thickness of the interval were
eliminated and the amount of core present in a well was
adjusted as a percentage of the interval. The dashed line in
NDGS 615 shows the presumed limit of the core in the
standardized columns. The thickened areas on those lines
indicate foraminiferal occurrences with the solid thickening
representing areas where identifiable foraminifers were found
and the dashed areas representing areas of foraminiferal
occurrence but were unidentifiable. The right side of the
diagram shows the verticle distributions of the foraminifer
species as well as relative abundance. A dashed vertical line
indicates and assumed range and a plus sign (+) indicates a
single occurrence.
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Ten specimens of foraminifers also occurred through a thin zone
in NDGS well 615 at 2,484 feet (757.3 m) to 2,485 feet (76,7.6 m)
The stratigraphic position of this zone was difficult to determine
because there is no Bakken Formation present in this well to use for
The Upper Madison rocks haveestablishing the base of the Madison.
been deeply eroded in the vicinity of this well (File 8). It
is presumed that the foraminifers of NDGS well 615 came from the
Bottineau interval as the taxa from this well could be found in
either zone of the Bottineau interval of the other wells.
The foraminifers found in the Boltineau interval were:
RectosePtaRlomospiranel1a nalivktnt (Malakhova. 1956)
Rectosepta~lomospiranella sp.
SeptaRlomospiranella chernoussovensis Harnett 1977
SeptaRlomospiranel1a primaeva (Cherynyshev, 1940)
SePtaRlomospiranella~ Lipina, 1955
Septabrunsiina krainica (Lipina, 1948)
Spi!!obrunsiina parakrainica (Skipp, Holcomb and Gutschick, 1966)
Chernvshinella anteflexa (Zeller, 1951)
Spinotournayella tumula (Zeller, 1.957)
Palaeospiroplectammina tchernvshinensis (Lipins, 1948)
Latiendothvra parakosvensis (LipiDa, 1955)
Endothyra incrassata McKay and Green, 1963
The greatest abundance and diversity of foraminifers in the
AllBottineau interval was found in NDGS well 274 in Pierce County.
taxa identified in the Bottineau interval were found in one or both of
Rectosepta9,lomospiranella sp.the foraminifer zones in this well.
the only foraminifer that was restricted to the lower zone and
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Seotabrunsiina kranica was the only foraminifer that was resticted
to the upper zone in this well. SeptaRlomospiranella daine,
Endothyra incrassata, and Rectosepta~lomospiranella sp. all
occurred only in this well. All other taxa were found in both zones
with 43 percent of the foraminifers found in the lower zone and 57
percent of the Bottineau foraminifers observed in the upper zone.
Tilston interval
Foraminifers from the Tilston interval occurred in two zones
which were thicker than the foraminifer-bearing zones of the
Bottineau. Fewest individuals occurred in this interval.
Seventy-seven identifiable individuals compared to 131 from the
Bottineau, 309 from the Frobisher-Alida, and 212 from the Ratcliffe
intervals.
The low numbers of identifiable individuals is partially due to
the samples used. All identifiable foraminifers were observed in thin
sections that were made directly from core slabs. Nine of the
eighteen wells in this interval were studied by using grain-mount thin
sections made from representative well cuttings from 5 to la-foot
intervals. These thin sections were prepared by Himebaugh (1979) for
a lithological study of the Tilston interval. Foraminifers were
observed in several of these thin sections, but none was identifiable
The two foraminifer zones of the Tilston interval (Fig. 10) were
not as well defined as the zones of the Bottineau interval (Fig. 9).
The lower zone was found only in NDGS well 38 in Bottineau County from
4536 feet (1382.9 m) to 4618 feet (1407.9 m) below the K.B. The upper
zone was found in NDGS well 170 and NDGS well 1302. both in Bottineau
49
Figure 10. Coss-section B-Bt of the Tilston interval showing the
foraminiferal zones. The top of the Tilston interval was the
datum used. The cross-ruled area is the portion of the
interval that was cored.
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Figure 11. Distribution and relative abundance of foraminifers
from the Tilston interval. The left side of the diagram shows
the core distribution represented as a per-cent of the
interval, and the wells used by the NDGS well number. The
wider lines indicate foraminiferal occurrences with the
darkened thickenings representing identifiable foraminiferal
occurrence zones and the dashed thickenings indicate
foraminiferal occurrences that were unidentifiable. The
dashed vertical lines indicate presumed extent of the core
based on length of core and approximate interval thickness of
that locality. The right side of the diagram shows the
foraminiferal distribution and relative abundance.

53
County at depths of 3087 feet (941.2 m) to 3121 feet (951.5 m) and
In the3112 feet (948.8 m) to 3117 feet (950.3 m), respectively.
south-central part of the state, foraminifer occurrences were noted in
NDGS well 1516 in McLean County and NDGS well 1211 in Wells County
which had the lower zone only, and in NDGS well 693 of Sheridan County
NDGS well 1211 is near thewhich had both the upper and lower zones.
erosional edge of the interval with only about 24.4 m (80 feet) of the
lower part of the section preserved. It is likely that the
foraminiferal occurrence represents only the lower zone that ~s found
further west.
The foraminifers found in the Tilston interval were:
SeptaRlomospiranella };:~no~ovensis~ Mamet, 1917
Septabrunsiina krainica (Lipina, 1948)
Spinobrunsiina parakrainica (Skipp, Holcomb and Gutschick, 1966)
Chernvshinella tumulosa Lipina, 1955
Latiendothyra J>arakosvensis (Lipina, 1955)
Tuberendothyra tuberculata (Lipina, 1948)
The most common foraminifer in the Tilston interval was
Tuberendothyra tuberculata with 38 individuals, making up nearly
half (49 percent) of the totZi number of identifiable individuals of
This species was found in all of the threethe Tilston interval.
wells that contained identifiable individuals and in both zones of
The lowest occurrence of Tuberendothyra ~u~erculatathose wells.
was in NDGS well 38 at a depth of 4618 feet (1409.7 m); and it was
found only in the Tilston interval as was Chernvshinella tumulosa,
which was found only in the upper zone in NDGS well 170 at 3090 feet
(942.1 m) and in NDGS well 1302 at 3113 feet (949.1 m) below the K. B.
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Other species were found in the Bottineau interval as well. There was
a loss of 7 taxa upward from the Bottineau interval and only 2 taxa
first occur in the Tilston interval.
Frobisher-Alida interval
Foraminifers were the most abundant and diverse in the
Frobisher-Alida interval of all of the four intervals studied
were 309 identifiable individuals in five species of tournayellaceans
All of the identifiableand nine species of endothyraceans.
foraminifers from the Frobisher-Alida interval came from seven wells,
six of which are along the Nesson anticline. These wells were:
well 1024 in Divide County, NDGS well 3510 in Burke County, NDGS wells
263 and 116 in Williams County, NDGS wells 1065 and 1276 in McKenzie
County, and NDGS well 4097 in Ward County (Fig- 11). NDGS well 4097
in Ward County was the only well that yielded identifiable
foraminifers; and it 18 not located on the Nesson anticline.
Several wells east of the Nesson anticline and two wells located
on the Nesson anticline yielded foraminifers, but none of these
individuals was identifiable because of poor preservation and lack of
Other wells with occurrencesproper orientation of the thin sections.
of foraminifers were NDGS wells 3295 and 3944 in Bottineau County,
NDGS well 5908 in Burke County, NDGS well 6376 in Mountrail County,
NDGS wells 3489 and 3496 in Renville County, and NDGS well 5809 in
NDGS wells 78 and 45 yielded unidentifiable foraminifersWard County.
and are located along the Nesson anticline
NDGS well 1024 in Divide County yielded the greatest abundance
and diversity of foraminifers within the Frobisher-Alida interval of
55
Figure 12. Cross-section C-C' of the Frobisher-Alida interval
showing the foraminiferal zone. The datum used was the top of
the Frobisher-Alida interval. The cross-ruled area indicates
the portion of the interval that was cored. The nearest well
that penetrated the entire interval was chosen to determine
the interval thickness.
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Figure 13. Distribution and relative abundance of foraminifers
from the Frobisher-Alida interval. The left side of the
diagram shows the core distribution within the interval
represented as a per-cent of the interval. The thickened
lines indicate foraminiferal occurrences with the dark
thickenings represent areas that yielded identifiable
foraminifers and the dashed thickenings represent areas that
yielded foraminifers that could not be identified. The right
side of the diagram shows the vertical distribution of species
within the interval. A plus sign (+) indicates a single
foraminiferal occurrence.
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any of the wells studied. It contained 13 of the 15 taxa present and
53 percent (164 individuals) of the identifiable individuals in this
interval. There are nearly equal numbers of individuals between the
tournayellaceans (81 individuals) and the endothyraceans (84
individuals) with the latter being more diverse and having individuals
in seven different species, all of which constitute first (lowest)
appearances in the Frobisher-Alida interval.
Foraminifers found in the Frobisher-Alida interval were:
T~urnayella d1sco1dea Dain, 1953
Spinotournavella tWIIUla (Zeller. 1957)
Pohlia henbesti (Skipp, Holcomb and Gutschick, 1966)
Eoforschia moelleri (Malakhova, 1953)
Septa21omospiranella ~ Lipina, 1955
Spinobrunsiina parakrainica (Skipp, Holcomb and Gutschick, 1966)
Spinoendothvra paratumula (Skipp,1969)
Spinoendothyra recta (Lipina, 1955)
Spinoendothyra spinosa spinosa (Chernysheva, 1940)
Spinoendothyra spinosa crassitheca Mamet, 1986
Endothvrabaileyi (Hall, 1864)
Endothyra tantala (D. Zeller, 1953)
Endothvra torQuida (Zeller, 1957)
Endothyra trach1da (Zeller, 1957)
Eoendothyranopsis spiro1des (Zeller, 1957)
All but three of the taxa listed above were lowest occurrences.
Septa~lomospiranella~ and Spinotournayella tumula were found
in the Bottineau interval but not in the Tilston interval.
SDinobrunsiina Darakrainica was found in both the Bottineau and
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Tilston intervals. In the Frobisher-Alida interval §.. parakrainica
was rare in NDGS wells 3510,263, 1065, and 1276. This species was
common in NDGS well 1024 in Divide County and in NDGS well 4097 1n
Ward County with 14 and 7 individuals, respectively
The tournayellaceans with lowest occurrence in the
Frobisher-Alida interval were Tournayella discoidea. Pob.!i.
Tournavella discoidea was
common to abundant in NDGS well 1024 in Divide County with 21
individuals. Pohlia henbest1 and ~forschia moelleri were also
relatively common to abundant in NDGS well 1024 and rare in other
wells in the Frobisher-Alida interval.
The endothyraceans with first (lowest) appearances in the
Frobisher-Alida interval were Endothyra baileyi, Endothyra
Eoendothvranopsis spiroides, Spinoendothvra paratumula,
S1>inoendothyra rec.t!, Spinoendothyra spinosa spinosa, and
Spinoendothyra spinosa crassitheca. Those present in the
Bottineau and Tilston intervals, Latiendothyra parakosvensis,
Endothyra incrassata, and Tuberendothyra tuberculata, were not
found in the Frobisher-Alida interval.
Ratcliffe interval
The foraminifers of the Ratcliffe interval were low in diversity
as compared to those of the Frobisher-Alida interval. Nine
species-level taxa were recognized with three belonging to the
Superfamily Tournaye1lacea and five belonging to the Superfamily
Endothyracea. Identifiable individuals were 242 with only 23
61
Figure 14. Cross-section D-D' of the Ratcliffe interval showing
the foraminiferal zones. The top of the Ratcliffe interval
was the datum used. The cross-ruled areas are the portions of
the interval that was cored.
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Figure 15. Distribution and relative abundance of foraminifers
from the Ratcliffe interval. The left side of the diagram
shows the distribution of core within the interval represented
as a percentage of the interval. The thickened areas indicate
zones of foraminiferal occurrence. The right side of the
diagram shows the verticle distribution and relative abundance
of the foraminiferal species within the Ratcliffe interval. A
plus sign (+) indicates a single occurrence.
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individuals (9.5 percent) being tournayellaceans and 219 individuals
(90.5 percent) being endothyraceans.
The Ratcliffe foraminifers were mostly found in the lower half of
interval. Only five percent (11 individuals) of the total number
of identifiable individuals (220 individuals) from the Ratcliffe were
found in the upper half of the interval. The geographic distribution
of these lower Ratcliffe foraminifers was found to be wider than that
for any other interval; but these foraminifers were restricted to the
western one-third of the state with the easternmost occurrence at NDGS
well 4978 in Ward County. Ten of the 16 wells examined in the
Ratcliffe interval yielded foraminifers. These wells were: NDGS well
3456 in Divide County, NDGS well 3847 in Burke County, NDGS well 4978
in Ward County, NDGS wells 3235 and 44 in Williams County, NDGS wells
956, and 2667 in McKenzie County, and NDGS wells 607 and 734 in
Dunn County. The wells that yielded the largest numbers of
foraminifers were NDGS wells 44 and 41, both of which lie on the
Nesson anticline, and NDGS well 956 in McKenzie County near the
Montana border.
The highest occurrence of any foraminifer was found in NDGS well
4654 of south-central Bowman County, with a very rare occurrence of
Endothyra bailevi within 4 feet (1.2 metres) of the top of the
interval
Foraminifers found in the Ratcliffe interval were:
Tournavella discoidea Dain. 1953
Poh11a henbest1 (Skipp, Holcomb and Gutsch1ck, 1966)
Eoforsch1a moeller1 (Malakhova, 1953)
Endothvra bailevi (Hall, 1864)
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Endothvra tantala (D. Zeller, 19:53)
Endothyra torQu1da (Zeller
Endothvra trachida (Zeller
Eoendothyrano1>sis s2i~oides (Zeller t .l957)
Earlandinella Cummings, 1955
The tournayellaceans SeptaRlomospiranella and Spinobrunsiina were
present in the Frobisher-Alida interval but not found in the Ratcliffe
interval. The tournayellaceans of the Ratcliffe interval were the
same taxa as those found in the Frobisher-Alida. They were
moelleri. Both diversity and numbers of individuals of
tournayellaceans were found to be substantially lower in the Ratcliffe
interval than in the Frobisher-Alida interval
The endothyraceans of the Ratcliffe interval were taxa that were
continuous upward from the Frobisher-Alida interval. The most notable
difference between the faunas of the two intervals was the complete
absence of all species of Spinoendothvra in the Ratcliffe interval
The endothyraceans found only in the Ratcliffe interval could also be
EndothJTa baileyi sharplyfound in the Frobisher-Alida interval.
increased in numbers of individuals upward from the Frobisher-Alida
interval. Other endothyraceans had similar relative abundances in the
Frobisher-Alida interval as in the Ratcliffe interval
The geographic distribution of the Ratcliffe foraminifers is
greater than in the other three intervals. All identifiable Ratcliffe
foraminifers were found in the western one-third of the state with the
distribution spread out over a much larger area than for the lower
intervals.
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Occurrence and Lithology
Lithologies were described using the classification of Dunham
(1962) with modifiers that indicate the allochems in order from most
abundant to least. It should be noted that any particular rock type
may occur in many different depositional environments
All of the foraminifers from the Bottineau interval occur in
either skeletal packstones or skeletal grains tones (Fig. 16A). No
&hinoderms,foraminifers were found in any other rock type.
brachiopods, and bryozoans were abundant in wackestones and common in
mudstones. Trilobites and algae were more abundant in skeletal
packs tones than in any other rock type suggesting that these organisms
preferred the same types of environmental conditions as the
foraminifers.
The foraminifers of the Tilston interval had their greatest
number of occurrences in skeletal packs tones as did the echinoderms,
brachiopods, ostracodes, corals, algae, and calcispheres (Fig. 16B)
Echinoderms were common to abundant in all fossil-bearing rocks
whereas bryozoans were nearly absent.
The foraminifers of the Frobisher-Alida interval are the most
common in skeletal packs tones and skeletal grains tones (Fig. 17A).
They were found to be absent in mudstones and rare in wackestones.
Ostracodes and ca1cispheres were the only organisms found to be common
Obelenus (1985, p. 46) made a similar observation andin wackestones.
called a lithofacies of the Frobisher-Alida interval the "calcishpere
wackestone and packstone facies" and reported
68
Figure 16. Tally of the occurrence of common organisms in the rock
types found in the Bottineau (A) and Tilston (B) intervals. A
number represents the number of times a group of organisms was
found in a particular rock type within that interval.
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calcispheres and ostracodes as the primary constituents.
The foraminifers of the Ratcliffe interval are primarily from
skeletal packs tones (Fig. 17B). No foraminifers were found in any
mudstones and they were rare in wackestones and grainstones.
Ostracodes were the only organisms with occurrences common in
Fewer grainstones were encountered in the Ratcliffemudstones.
interval but foraminifers were found to occur in these grainstones at
a similar frequency to that of the other intervals.
i1
Figure 17. Tally of the occurrence of common organisms with the
rock types for the Frobisher-Alida interval (A) and the
Ratcliffe interval (B). A number represents the number of
times a group of organisms was found in a particular rock type
within that interval.
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DISCUSSION
Biozonatior
1970a) was applied to theThe biozonation of Mamet and Skipp
foraminiferal fauna from the rocks of the Madison Group in the
This biozonation scheme was numerically labeledWilliston Basin.
Zone 6 iswith zones one through five being Upper Devonian.
approximately equivalent to zone 1 of the Redwall Limestone of
Arizona, is Late Kinderhookian, (early Tournaisian), and is
characterized in North America by Septaglomospiranellaj
and rare SePtabrunsiina.L~iendoJ;J1vra parakosvensis,
Zone seven contains common to.abundant SeptaRlomospiranella.
Latiendothyra parakosvensis, Chernvshinella,
RectosePta~lomospiranella, PalaeospirQPlectammina
andEarlandia, parathuramrn_illi!
_tcher~vshinens~~,
There is also a very sparse first appearance ofCalcisphaera.
This zone is equivalent to Skipp'sTuberendothyra tuberculata.
1969) zone 2A of the Redwall Limestone in Arizona and is early
Osagean (middle Tournaisian) in age
Zone eight contains SePtaglomospiranella, Septabrunsiina,
Latiendothyra, Earlandia, ~aracaliRel.la, Bisphaera,
Parathurammina, Calcisphaera, and first appearances for both
There is also an acme of§oinoseotatournavella and Soinoendothyra.
Zone eight corresponds to Skipp'sIuberendothyra tuberculata.
1969) zones 28 and 3 of the Redwall Limestone and is middle Osagean
late Tournaisian)in age
73
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Zone nine has Septaglomospiranella. §eetabrunsiina,
So!noseotatournavella, ~tiendothyra parakosvensis.
~eya~axis and an acme of Spinoendothyra. Zone nine is equivalent
to Skipp's (1969) zone 4 and the base of zone SA of the Redwall
.imestone and is latest Osagean (late Tournaisian) age.
Zone ten is earliest Meramecian (early Visean). The important
foraminifers are Tourn8yella, Eoforschia, Tetrataxis, sparse
Spinoendothyra, Globoendothyra ~aileyi, first
Permodiscus,and Planoarchaediscus.!;;oendothvranopsis. Zone
ten compares to most of Skipp's 1969) zone SA of the Redwall
Limestone.
eleven contains Tournayella, Eoforschia moelleri
Endothyra prisca, Globoendothyra, Eoendothyranopsis
Zone eleven is equivalent to Skipp's (1969) zone 58 of the Redwall
Limestone and is of early Meramecian age.
twelve contains Tournavella, ~forschia moellerit
Eoendothvranposis spiroides, Tetrataxis, Proprmodis~~s,
Archaediscu~, planoarchaediscus, and the alga Koninckopora..
Zone twelve is middle Meramecian in age (middle Visean and
corresponds to the upper part of Skipp's 1969) zone 58 of the
Redwall Limestone
!s thirteen, fourteen, and fifteen represent the upper half
of the Meramecian rocks. The base of zone 16i is the base of
Chesterian rocks followed by zone 16s whose top is at the Visean
15
Figure 18. Biozonation of Mississippian rocks by Mamet and Skipp
(1970a, p. 1135-1138), modified to show only those taxa
reported in North America. Dashed lines indicate rare
occurrences of a taxon, solid lines indicate common
occurrences, and thicker lines indicate abundant and very
abundant occurrences reported by Mamet and Skipp (1970a).
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Namurian boundary. Zones 17 and 18 represent the upper half of the
Chesterian rocks. A more complete discussion of the faunal and
floral elements characterizing each zone is given in Mamet and Skipp
(1970a, p. 1134-1139). The biozonation scheme of Mamet and Skipp
(1970a) was used in this study and applied to Mississippian rocks in
North Dakota with their zones recognized as biozqnes (~orth American
Commission on Stratigraphic Nomenclature. 1983).
Age of the Intervals
No foraminifers of Kinderhookian age were found in the rocks of
the Bottineau interval and those that were found in the upper
Watersportion of the Bottineau interval were of early Osagean age.
(1984, p. 103, 104 found corals of late Kinderhookian age close to
Huber (1986,the base of the Bottineau interval in NDGS well 607.
p. 105,106) found late Kinderhookian conodonts in an interval
between 29 and 35 feet above the top of the Bakken Formation but did
not find the upper boundary of the uppermost Kinderhookian conodont
biozone nor any Osagean conodonts.
The foraminifers of the Bottineau interval are characteristic
of Biozone 7 as erected by Mamet and Skipp (1970a). Biozone 7 is
early Osagean (middle Tournasian) and contains the Burlington
Limestone in the type area of the Mississippian and Skipp's (1969)
zone 2A of the Redwall Limestone in Arizona. This biozone is
recognized in the Bottineau interval by the presence of
Septa~lomospiranella, Latiendothy!:~ parakosvensis,
Chernyshinella, PalaeospiroplectaJIUDina tchernyshinensis,
Rectoseptag,lomospiranella. Tuberendothvra tuberculata was not
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found the the Bottineau interval but was common to abundant in the
Tilston interval. The presence of Chernyshinella.
Palaeosp1roplectaImDina tchernysh1nens1s and
RectosevtaRlomosviranella in the Bottineau interval are the taxa
that differentiate Biozone 7 from Biozone 6
Biozone 8 of Mamet and Skipp (1970a) is characterized by common
to abundant SePtaRlomospiranella, Septabrunsiina, the first
appearance of Spinoendothyra. and the acme of Tuberendoth~~
tuberculata, Palaeospiroplectammina, Chernyshinella,
Latiendothyrat Tournayellat and others not found in this study.
This biozone is equivalent to the lower part of the Keokuk Limestone
and correlates with zones 2B and 3 of the Redwall Limestone of Skipp
(1969). The Tilston interval foraminifers in the Williston Basin
are thought to be those of Biozone 8. Because of the small number
of identifiable foraminifers collected in the Tilston interval, it
The rocks of the Tilstonwas difficult to establish the proper age.
interval were placed in Biozone 8 because the Bottineau interval
foraminifers can readily be established as at least as young as
Biozone 7 and the apparent abundance in the Tilston interval of
Tuberendothyra tuberculata. 1. tuberculata first appears in
The first appearance ofBiozone 7 and reaches an acme in Biozone 8.
Spinoendothyra was not found in this interval nor was Tournayella
This may be partially due to lack ofnor Palaeospiroplectammina.
core availability or lack of preservation of the foraminifers.
Biozone 9 of Mamet and Skipp (1970a) is characterized by common
to abundant Set>tag,lomospiranella, Septabrunsiin~, and
Latiendothyra p!rakosvensis, an acme of Spinoendothvra,
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Tuberendothyra tuberculat!, :f&;~orschia, and others not found
This biozone was not recognized in the Willistonin this study.
Basin and most likely falls within the uppermost Tilston interval
This biozone is of late Osageanand lower Frobisher-Alida interval.
age (late Tournasian) and corresponds to Skipp's (1969) zone 4 and
The upper part of thethe base of zone SA of the Redwall Limestone.
Keokuk Limestone in the Mississippi Valley section belongs to this
Although Spinoendothyra was common to abundant in thebiozone.
Frobisher-Alida interval, the presence of other taxa characteristic
of Biozone 10 indicate that the upper part of the Frobisher-Alida
interval belongs to Biozone 10 and that most or all of
foraminiferal fauna of Biozone 9 is not present in the Williston
Basin.
The important faunal elements of Mamet and Skipp's (1970a)
Biozone 10 are Tournavella, Eoforschia moelleri, scarce
Spinoendothyra, Endothyra baileyi, and the earliest appearance
This biozone is earliest Meramecian (earlyof ~ndothyranopsis.
Visean); the lower part of the Salem Limestone in the Mississippi
Valley' section is in this biozone as is all but the lowest parts of
Skipp's Spinoendothyra1969) zone SA of the Redwall Limestone.
crosses the Osagean-Meramecian boundary in North America and in
Eurasia crosses the Tournasian-Visean boundary (Mamet and Skipp,
Zeller (1957) had a nearly identical zone he19708. p. 1135).
In this zone, Zeller (1957,called the Endothyra sl>1ro1des zone.
p. 694) included roughly the lower half of the Meramecian rocks of
the Cordilleran Region and was able to relate that fauna to the
fauna of the Salem Limestone.
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The foraminifers of the upper part of the Frobisher-Alida
interval and the lower half of the Ratcliffe interval represent
Biozone 10 in the Williston Basin. Eoendothyranopsis spiroides
had its lowest appearance in the Frobisher-Alida interval and
continues into the Ratcliffe interval. It was found to be locally
common in some well cores in each of these intervals. Endothyra
baileyi was generally rare in the Frobisher-Alida interval and
became common to abundant in several wells of the Ratcliffe
interval.
Sando and Mamet (1981) reported a foraminiferal fauna in the
subsurface of the Williston Basin from six well cores from eastern
Of these sevenMontana and one well core from western North Dakota.
wells, four yielded an adequate fauna and flora for biozonal
determinations. All four of these wells were in eastern Montana.
The single well in North Dakota did not yield any microfossils.
They noted that the foraminifers and algae from the Madison Group in
the subsurface of the Williston Basin were not as abundant nor as
diversified as they are in other areas where Madison microfossils
have been studied. Sando and Mamet (1981) were, however, able to
determine the biozonation according to the North American scheme of
Mamet and Skipp (1970a). Sando and Mamet (1981) reported that the
upper part of the Lodgepole Formation had a few samples that
represent Biozone 7. The Mission Canyon Formation yielded
representatives from Biozones 8, 9, and 10, and the Charles
Formation contained assemblages from Biozones 10, 11, and possibly
ranging into Biozone 12. They concluded that the subsurface rocks
of the Madison Group in eastern Montana and western North Dakota are
81
Figure 19. Relationship of the Mississippian Madison Group coral
biozones and zonules of Waters and Sando (1987) and the
foraminiferal biozones of this study. The dashed lines
indicate uncertain boundaries between biozones.
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bounded by the same regional disconformity that characterizes the
top of the Madison Group in outcrop.
In my study of the North Dakota portion of the Williston Basin,
the upper portions of the Bottineau interval yielded foraminifers
representing Biozone 7. The T1lston interval yielded foraminifers
representing Biozone 8. The Frobisher-Alida and Ratcliffe intervals
contained foraminifers representative of Biozone 10. Biozones 9 and
11 were not recognized in this study but could very well exist
My results are similar to the easternmost well studied by Sando
and Mamet (1981) located in the East Poplar Field of Montana.
Niether study found foraminifers in the lower part of the Lodgepole
Sando and Mamet assigned those foraminifers from theFormation.
upper part of the Lodgepole Formation to Biozone 7. The lower
one-half of the Mission Canyon Formation in East Poplar Field did
not yield any foraminifers. The lowest occurrence of foraminifers
in the Mission Canyon Formation was assigned to Biozone 9 and
samples near the top of the Mission Canyon Formation and lowest
The southern andCharles Formation were assigned to Biozone 10.
western-most well that Sando and Mamet (1981) studied yielded
foraminifers and algae in the Charles Formation that could be placed
in either Biozone 11 or Biozone 12.
Environments
No attempt was made to determine the depositional environments
of the rocks of the Madison Group during this study. Many
depositional environment studies of the Madison have been done in
recent years by Heck (1979), Himebaugh (1979), Catt (1982), Waters
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1984), Obelenus (1985), Quinn (1986),1984), Fischer and others
Durall (1987), Schwartz (1987), Luther (1988), and Fischer and
1987).others
Although the depositional environments of rocks containing the
foraminifers were not studied here, it seems likely that the
occurrence of foraminifers primarily in packstones was
tt is also thought that the irregularenvironmentally related.
stratigraphic occurrences of these foraminifers was also related to
the environments of deposition changing back and forth from
Theseconditions hostile for foraminifers to hospitable conditions.
Fischer andconditions may be related to salinity fluctuations.
1987) proposed a depositional model for these rocks thatothers
took into account large variations in salinity which controlled the
Further discussionamount of oxygen available in the water column.
of this model can be found in Luther (1988).
1972, p. 234) reported a salinity tolerance range forHeckel
modern calcareous foraminifers from brackish (10 ppt) to hypersaline
The Madison foraminifers seem to have had a lesser(SO ppt).
tolerance than that of modern foraminifers because of their close
association with other organisms such as corals, brachiopods, and
For these organisms, Heckel (1972) reported a "normalechinoderms.
If the fossilmarine" salinity tolerance (30 ppt to 40 ppt).
organisms of these groups did have salinity tolerances similar to
those of the modern organisms, it can be concluded that the Madison
foraminifers occurred when salinity conditions were near normal
marine (30 ppt to 40 ppt).
CONCLUSIONS
Approximately 1200 foraminifers from the rocks of the Madison
Group in North Dakota were located and photographed. Of these,
about 61 percent (730 specimens) were identifiable and were
assigned to one of the twenty-six species described.
Host of the Madison foraminifers of the Williston Basin can be2.
placed in one of two superfamilies, the Endothyracea and the
Tournayellacea.
The foraminifers in the Williston Basin occur in irregular3.
The Bottineau and Tilston intervals eachstratigraphic zones.
The Frobisher-Altdahad two zones of foraminiferal occurrence.
had foraminifers only in the upper one-half of the interval and
the Ratcliffe yielded foraminifers only from the lower one-half
of the interval
islon J~'sin CAn be placedThe Madison foraminifers of the Wi4.
into a series of numbered, North American biozones erected by
Hamet and Skipp (1970). They are Biozones 7-10 and possibly
They range in age from middle Osagean to earlyBiozone 11.
Meramecian
The rocks of the Bottineau interval have taxa from Biozone 7 ands.
The presence of SeptaRlomospiranella,are middle Osagean.
Latiendothyra, Chernyshinella, Palaeospiroplectanunina
tchernyshinensis, and RectosePtaRlomospiranella differentiate
Biozone 7 from Biozone 6. The absence of Tuberendothyra
~~p_~rculata differentiates Biozone 7 from Biozone 8.
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6. The rocks of the Tilston interval are of middle Osagean age
The abundance of Tuberendothyra tuberculata as well as the
absence of Rectosepta~lomospiranella indicate Biozone 8.
7. The foraminifers of the Frobisher-Alida interval were thought
to be representative of Biozone 10 although there were
similarities with Biozone 9. The boundary between Biozone 9
and Biozone 10 is also the Osagean-Meramecian boundary. The
assignment to the earliest Meramecian Biozone 10 was based
primarily on the lowest occurrence of Tournayella discoidea
Eoforschia m~lleri, and Eoendothyranopsis spiroides.
8. The foraminifers of the Ratcliffe interval were thought to
represent Biozone 10. There were no additional taxa found to
indicate Biozone 11. There was, however, a significant drop in
the number of taxa present as compared to those of the
Frobisher-Alida interval. The most notable difference was the
absence of Spinoendothvra in the rocks of the Ratcliffe
interval.
9. The foraminifers of the Madison Group were found primarily in
There were very fewskeletal packs tones and grainstones.
Skeletalforaminifers in mudstones and wackestones.
grainstones are not as common as packs tones but usually
contained foraminifers and other organisms in generally the
same proportions except in the few cases of oolitic grainstones
which were essentially void of fossil organisms.
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10. The margins of the basin yielded very few identifiable
foraminifers as compared to the more central portions of the
basin. This was especially true of the Frobisher-Alida and
Ratcliffe intervals. An explanation for this distribution may
be that the basin margin conditions were less hospitable,
probably more saline, than the area of the central basin
11. Foraminifers seem to indicate that rocks of the Madison Group
in North Dakota range are at least as young as middle Osagean
to early Meramecian in age.
SYSTmiA Tl C PALEONTOLOGY
The following pages contain diagnoses of the genera and
species of foraminifers from rocks of the Madison Group in the
North Dakota part of the Williston Basin. This section is
arranged in biologic order, mostly following the classification
scheme proposed by Loeblich and Tappan in 1984 and revised by them
in 1987. The few deviations from this classification are pointed
for a particular genus that is placed in different higher
than those of Loeblich and Tappan (1987), under the
discussion of that genus.
The diagnosis given for a genus contains the characteristics
of the genus as I understand them from descriptions of several
different authors. For cases in which there are few descriptions
of a genus where one author has a particularly apt description
that description is either quoted or paraphrased with the citation
following the diagnosis.
The diagnosis of a species is based on material found in the
Williston Basin. Discussions of species are designed to bring out
similarities and differences between materials of this study and
that of other authors.
The materials section given for each species is the breakdown
of the number of specimens recognized in photomicrographs of thin
sections of the North Dakota Geological Survey. Materials are
given as total number of individuals, then broken down into the
number of sagittal, axial, or oblique sections.
Occurrences of fossils are given in the materials and
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With each species, the occurrence is listedoccurrence section.
in tabular form with the interval (B= Bottineau interval, T=
Tilston interval, F-A= Frobisher-Alida interval, and R- Ratcliffe
interval), NDGS well number (No.), depth of the highest and lowest
occurrence (HO and LO) of that species in the interval, the
distance to the top and bottom of the interval (TI and B1) as
determined from wire1ine logs. and relative abundance (RA)
< 5), C= common (5-10), A=Relative abundance is given as R- rare
abundant (10-20), and VA- very abundant (> 20). These letters are
followed by the number of identifiable individuals from a
particular well.
Many of the works cited, were available only as translations
by other authors, especially those of Russian authors. Ellis and
Messina's Catalogue of Foraminifera contains reproductions of
original plates and, in most cases, translations of the
descriptions. Those references pertinent to this study that were
seen only in Ellis and Messina are: Bykova (1.952), Chernysheva
(1940), Coni!, Longerstay, and Ramsbottom (1980), Grozdi!ova
(1954), Grozdilova and Lebedeva (1954), Lipina (1948), Lipina
(.1963), Lipina (.1965), Malakhova (1953), Malakohova (1956), and
Reytlinger (1954). Reytlinger (1958). Reytlinger (1959). and
Reytlinger 1963). Those found elsewhere are: Brady (1876) in
Scott, Zeller, and Zeller (1947), Dain (1953) in Skipp, Holcomb,
and Gutscbick (1966), Phillips (1846) in Scott, Zeller, and Zeller
(1947), and Rauzer-chernoussova (1948) in Skipp, Holcomb, and
Gutschick (1966).
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Order Foraminiferida Eichwald. 1830
Suborder Fusulinina Wedekind, 1937
Superfamily Earlandiacea Cummings, 1955
Family Earlandiidae Cummings, 1955
Genus Earlandia Plummer, 1930
Type species: Earlandia per par va Plummer, 1930,
Diav,nosis-"Test free. Proloculus followed by a long,
nonseptate straight or slightly curved tubular chamber. Wall
calcareous secreted, dark, microcrystalline, one layered,
nonagglutinated. Aperture simple, at the end of the tubular
chambers." (Armstrong and Mamet, 1911, p. 24, 25)
Discussion--This genus is long ranging and not recognized
readily in any but a longitudinal section. Individuals of this
genus were present in fair abundance throughout the study area
They were not collected individually because of the few longitudinal
sections available
Ear landia sp.
Pl. 1, Figs. 1,2
Proloculus followed by slight constriction and long tubular second
chamber. Diameter of tube about 0.07 mm and the walls are 0.015 mm
thick.
Discussion--Individuals of this genus were not photographed
regularly because unoriented thin sections through various parts can
be difficult to recognize. Only longitudinal sections were used in
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identification. Those found may belong to ~rlandia of the group ~
moderata (Malakhova) based on the diameters of the tube and the
thickness of the walls. This genus was difficult to recognize in
Because of this,any orientation except a longitudinal view.
specimens belonging to this genus were noted but not photographed
when found in a longitudinal orientation.
Materials~All materials for this species were identified in
photomicrographs that were taken of individuals belonging to
different genera. Fragments suspected of belonging to the genus
were ignored in sampling.
Superfamily Moravamminacea Porkorny, 1951
Family Caligellidae Reytlinger, 1959
Genus ParacaliRe!la Lipina, 1955
Type species: Paracalliaella antropovi Lipina, 1955.
Dia9.nosis-"Proloculus oval to subspherical, followed by
somewhat irregular tubular chamber that may be irregularly and
partially divided by incipient septa, commonly alternating first
from one side and then the other but rarely if ever entirely
crossing the chamber lumen; walls calcareous, dark, and
microgranular... . II (Loeblich and Tappan, 1988, p. 208)
D~cussion~Lipina (1955) erected the genus Paracaliaella for
Skipptubular foraminifers with irregular, blotch-like tests.
(1969, p. 197) questionably assigned two species, designated A and
B, to this genus. The two species illustrated by Lip1na (1955) and
92
Paracaligella sp. A of Skipp (1969) are narrower and not as
irregular as ParacalliRella sp. B of Skipp (1969) and the specimen
of my study
Paracaliaella sp
Pl. 1. Fig. 4
DiaRnosis--Test moderately long (O.72mm) with large,
irregular chambers. Chambers abruptly narrow to form a long tube.
Short incipient septa form at irregular intervals with corresponding
slight indentations on peripheral wall.
Discussion--The single specimen from the Williston Basin
bears some resemblance to Paracaligella sp. B of Skipp (1969). The
irregular portion of the test is much wider than the tube and both
But unlike sp. B of Skipphave short septa at irregular intervals.
(1969), the North Dakota specimen has a longer tube that widens, the
irregular portion of the test has a smoother periphery, and the
chambers are more rounded and better defined.
single, well pres.erved specimen from NDGS well 956 at a depth of
9242 feet below the I.B. The longitudinal section reveals a large,
irregular portion of the test with alternating incipient septa and a
distally-widening tube.
.
Family Paratikhinellidae Loeblich and Tappan, 1984
Genus Paratikhinella Reytlinger, 1954
Tikhinella cannula Bykova, 1952.Type species:
Dia~nosis-"Test free. Proloculus followed by a straight or
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slightly curved cylindrical tube, slightly tapering, subdivided by
irregular, incomplete pseudosepta. Each septum corresponds to an
outer. faint constriction. Wall calcareous secreted, pseudosepta
microcrystalline, one layered, not agglutinated but easily
recrystallized. Aperture simple, at open end of tube." (Armstrong
and Mamet, 1977, Earlandinella p. 27}
Q!s£uss!~n~The Family Paratikhinellidae was erected for
Thethose foraminifers that are elongate and have incomplete septa.
InEarlandiidae have no septa and the Nodosinellidae are septate.
.
North America, this genus was known as _~r_l~4i_n~11a Cummings, and
Nodosinella cylindrica Brady was considered to be the type
species. Loeblich and Tappan (1988, p. 210) placed the entire genus
Earlandinella, described by Armstrong and Mamet (1977, 'p. 27). 1s
here considered synonymous with Para~nella.
Pa~q~:i,J1_e11a ap.
Pl. 1, Fig. 3
DiaRnosis-- Test 6.1 mm long, tapering toward end. Proloculus
bulb-shaped, followed by tubular chamber 1.1 mm in diameter.
Constrictions in wall form pseudosepta at irregular intervals.
Walls undifferentiated, 0.015 mm - 0.02 mm thick.
Discussion--Identification of this species is based on a
single specimen that has the features characteristic of the genus.
The interior constrictions, slight indentations of the outer walls,
and the tapering leave no doubt as to the generic assignment; but
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insufficient information and material is available for assignment to
a species.
Materials and Occurrenc~ .This assignment is based on a
single longitudinal specimen showing features characteristic of the
It is from the Ratcliffe interval from NDGS well 734 at agenus.
depth of 8433 ft. below I.B.
Superfamily Tournayellacea Dain, 1953
Family Tournayell1dae Dain, 1953
Subfamily Tournayellinae Dain, 1953
Genus Tournayella Daln, 1953
Tournayella discoidea Dain, 1953.Type species:
Disanosis--Test small to medium-sized, evolute, both sides
Planispirally coiled tubular chamber with slight wallumbilicate.
thickenings forming pseudochambers. Expansion gradual, continuous
Peripheral outline smooth. True septa and secondarythroughout.
Walls dark, microgranular calcitedeposits absent.
In axial sections Tournayella canthinner, nonagglutinated walls.
not be distinguished from Cornuspira Schultze, because the only
difference is the slight constrictions in the walls forming
pseudochambers in Tournayella.
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rOurnayella disco idea Dain, 1953
.8, 12Pl. 1, Figs.
pl. 2, figs. 8-16; pl. 2, figsLipina, 1955, p. 34-35;
Skipp, Holcomb, and Gutschick, 1966pl. 3. figs. 2;34-36;
p. 27; pl. 2, figs. 1-9; pl. 3, fig. 2: Skipp. 1969, p.
pl. 25, figs. 1-9; pl. 3, figs226; Brenkle. 1973, p. 31;
pl. 28, figs 4-7:10-15; Armstrong and Mamet, 1977, p. 47;
Coni1 and LY9, 1977, p. 17; pl. 1, figs. 4-6; Mamet, Bamber,
and Macqueen, 1986, p. 8; pl. 1, figs. 4,5
pl. 5, flg. 19;Ammodiscus sp. McKay and Green, 1963, p. 25; pl.
6, fig- 10: pl. 7, fi8. 9.
Proloculus followed by long, enrolled,both sides umbilicate.
Expansion gradual throughout,tubular chamber of 3 to 5 volutions.
Septa absent, slight constrictions inperipheral outline smooth.
Wall dark,wall present in outer whorl. No secondary deposits.
micro granular calcite.
Discuss_~--The Ratcliffe forms are consistently smaller than
These former may be smallerthose of the Frobisher-Alida interval.
because of ecologic reasons or, they may be juvenile forms. No
other species of rournayella are reported for western North America
alth"'!gh several species now in other genera have been removed from
this genus
Materials- ~ Occurrence--Thirty-two specimens were found
with 23 being axial or near axial sections, all showing planispiral
coilinR; 3 were oblique sections, and 6 saggittal or nearly
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They are restricted to the Frobisher-Alida andsaggittal sections.
IatCliffe intervals
TABLE 2-OCCURRENCE OF 1. DISCOIDEA
Subfamily Forschiinae Dain.
Genus Pohlia Coni! and Lys,
Septatournayella henbesti Skipp, Holcomb, andType Species:
Gutschick, 1966.
DiS2nosis--Test large to very large, discoidal, both sides
Planispirally coiled, may have slight deviation inumbilicate.
earliest of 4 to 6 volutions. Expansion moderate throughout.
Septa short, anteriorlyPeripheral outline generally smooth.
directed in final whorl. Pseudo septa present in earlier volutions.
Secondary deposits present as low mounds on chamber floors, commonly
connected. Walls differentiated, with tectum and agglutinated
material.
Discussion--This genus was originally proposed as a subgenus
by Coni! and LY8 (1971, p. 18).of Septatournayella Their
diagnosis was basically that of a Septatournayella with secondary
deposits as low mounds or transverse ridges. Mamet t Bamber and
Macqueen, (1986, p. 12) elevated the taxon to genus level because of
its wall structure and moved it to the Subfamily Forschiinae that
includes forms with agglutinated material. Loeblich and Tappan
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(1987) did not recognize the wall structure as that belonging to the
,
Subfamily Forschiinae and left this genus in the Subfamily
Tournayellinae. with the characteristic secondary deposits
Because the specimens collectedseparating it from other forms.
here contain agglutinated material, they were placed within the
Subfamily Forschiinae along with Eoforschia Mamet, which has a
similar type of wall structure
Pohlia henbesti (Skipp, Holcomb, and Gutschick, 1966)
Pl. 1, Figs. 21,25
Septatournayella henbesti Skipp, Holcomb, and Gutschick, 1966; p.
pl. 2, figs. 10, 16-19; pl. 3, figs. 1, J;.1; pl. 4,25;
figs. 11, 12; Skipp, 1969, p. 225; pl. 24, fig. 17; pl. 25,
figs. 10. 16.-.19
SeptatournaJella (Pohlia) henbesti (Skipp, Holcomb,
pl. 1, figs. 10, 11.Gutsch1ck); Coni! and Lye, 1977, p. 18;
Poh11a henbesti (Skipp, Holcomb, and Gutschick); Mamet, Bamber
pl. 3, fig. 1.and Macqueen, 1986, p. 12; pl. 2. figs. 5-10;
DiaRnosis--Test large to very large (0.75 mm - 1.4 mm),
Nearly planispiral throughout with 4 to 5umbilicate on both sides.
volutions and 6 to 7 chambers in final volution. Moderate expansion
Peripheral outlinethroughout, increasing slightly in final whorl.
smooth. Septa short, anteriorly directed; pseudosepta or
constrictions in early volutions, true septa in final whorl.
Secondary deposits as low connected mounds or nodes. Walls
differentiated, inner tectum and outer agglutinated material,
becoming thicker in final volution.
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Discussion--Skipp, Holcomb, and Gutschick (1966, p. 25)
commented on the resemblance of this species to Tournavella
Tournayellamoelleri (Malakhova) except for the presence of septa.
moelleri (Malakhova) was later (Mamet, Mikhailov, and Mortelmans,
1970, p. 21) removed from the genus Tournayella because of the
Conil and Lys (1977, p. 18) distinguished theagglutinated walls.
original material of Skipp, Holcomb, and Gutschick (1966) as a new
subgenus of SePtatournayella because of the presence of secondary
deposits. Mamet, Bamber and Macqueen (1986, p. 12) elevated these
forms to generic status and moved them to a new subfamily that
includes those with agglutinated walls
~~~Li~~ ~ Occ~rence-Of 61 specimens, 35 sections
were axial or nearly axial, 6 were nearly sagittal, and 20 were
Several of the 35 axial sections are questionably assignedoblique.
here because not all features for positive identification are
These are common to abundant in the Frobisher-Alida andpresent.
Ratcliffe intervals.
TABLE 3--OCCURRENCE OF ~. HENBESTI
BINo. TI RA
~ Int. HO 1.0
---
F-A 1024 7167 7229 7070 7470 A 32
F-A 1065 9226 9226 9110 9480 R 1
F-A 4097 6084 6084 5990 6355 R 3
F-A 116 8544 8597 8468 8860 RC 7
R 41 9120 9120 8869 9129 R 1
R 956 9296 9298 9107 9394 R 2
R 44 8626 8629 8364 8626 R 3
R 607 8993 9009 8813 9045 C 12
-- -- - -
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Eoforschia Mamet. 1970Genus
Tour~vella moelleri (Malakhov8, 1953)Type species:
Coiling essentially planisptralt although some volutions may deviate
Peripheralfrom a plane. Expansion increasing steadily throughout.
Internal constrictions in wall present asoutline smooth.
Walls thick, differentiated intopseudosepta in outer volutions.
tectum and agglutinated material
Discussion--This genus was removed from the subfamily
Tournayellinae on the basis of its possession of agglutinated
Although it is morphologically similar tomaterial in the wall.
Tournayella and has a similar stratigraphic range. this genus can be
distinguished from Tournayella by the thick differentiated walls
that contain agglutinated material, which is lacking in
Tournayella.
Eoforschia moelleri (Malakhova, 1953)
Pl. 1, Figs. 19, 24
33, pl. 3, figs. 1-3
pl. 7.Tournayella? nonconstri_c~ McKay and Green, 1963, p. 27:
pl. 12, figs. 12.pl. 8, figs. 7,8;figs. 4, 5;
Skipp, Holcomb, andTournayella aff. subanRulata (Moeller
pl. 2, figs. 11, 12, 15.Gutschick, 1966, p. 28;
pl. 2. figs. 2-8.p. 26, 27;
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~oforsc~ ~oelleri (Malakova) Conil and Lys, 1911. p. 1.8, 19;
pl. 1, figs. IS, 16.
Mamet, 19n, p. 50; pl. 28, figs. 15, 16, 18; Mamet, Bamber,
and Macqueen, 1986, p. 12; pl. 3, figs. 2, 3.
DiaRnosis- -Test large (0.86 mm - 1.1 mm), discoidal,
umbilicate on both sides. Planispirally coiled with 5 to
volutions. Expansion continuously increasing throughout.
Peripheral outline smooth. Pseudosepta as small constrictions in
walls. Walls two layered, with an inner thin, dark, microgranular
layer and an outer, thicker, coarser layer with inclusions
Discussion--Few complete sagittal sections were found, so the
number of pseudochambers in the North Dakota material is unknown.
Some specimens have a slight degree of skewness in the earliest
volutions, and others have a noticable deviation in the penultimate
whorl. Skipp, Holcomb, and Gutschick 1966, p. 28) treated the
irregularly coiled specimens in their fauna as having affinity with
a separate species, Tournavella suban~ulata, based on the
irregularity of the penultimate whorl as seen in axial sections.
Armstrong and Mamet (1977, p. SO) placed these in synonymy with
]pforschia mo~~leri, which is followed here
Materials and Occurrence: .The diagnosis is based on 17
Of these, 10 are axial sections, 2 are sagittalspecimens.
sections, at least in part, and 3 are oblique. The material is
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restricted to the Frobisher-Alida and Ratcliffe intervals, and is
rare in all wells except NDGS welllO24
Subfamily Septabrunsiinae Conil and Lys, 1977
Genus RectosevtaRlomosviranella (Reytlinger, 1961
Type species: Septa~lomospiranella (Rectosepta21omospiranella)
Reytlinger,asiatica
DiaRDosis- Early portion skew-Test free and elongate.
coiled, later becoming uncoiled. Coiled portion nonseptate in early
volutions, septate in later volutions. Uncoiled portion with broad
completely septate chambers. Walls calcareous, coarsely granular.
Discussion-Reytlinger (1961 originally described this form
as a subgenus of Septaglomospiranella because of the similarities of
the coiled portion to that genus. Loeblich and Tappan (1964, p.
C350) elevated this form to genus because of the later uncoiled
stage and the coarse granular walls
RectoseotaRlomosoiranella nalivkini (Malakhova. 1956)
Pl. 1, Fig. 18
Ammobacu~sJ nalivkini. Malakhova, 1956, p. 100; pl. 4, figs. 6,
,. 11.
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Granuliferella? Rranulella Woodland, 1958, p. 797; pl. 99, figs.
9-11, 13.. 18.
Gr~nuliferel~~~ _iasperensis Mclay and Green, 1963, p. 47; pl.
2. figs. 11. 12. 16.
Rectosepta9,lomospiranella nalivkini (Malakhova) Armstrong and
Mamet, 1977, p. 46; pl. 28, fig. 3.
Diaanosis--Test medium to large (0.57 mm - 0.725 mm).
Coiling initially skewed for 1 1/2 to 2 volutions with abrupt
expansion and inflated chambers. Coiled portion followed by an
erect uniserial tube with large uniserial chambers. Septa in coiled
part short, thick, with varying degrees of anterior direction
Walls thick, granular calcite with inclusions
Discussion--The specimens are incomplete but are assigned to
~ nalivkini (Malakhova) because of having the coiled portion
wider than the erect portion as well as the erect portion remaining
These do not have as many chambersat a uniform width throughout.
in the uniserial portion as those reported by Armstrong and Mamet
(1977, p. 46). This may be due to oblique orientation of the thin
sections. These specimens were not placed in the genus
Palaeospiroplectammina becasue there was no indication of
biseriality in the erect portion even though the orientation of
sections was not ideal. There is also coarse agglutinated material
or inclusions present in the chamber walls and septa, which are not
present in Palaeos1>1ro1>lectammina.
Material_s ~n~ ~~urrence--Six specimens were found, of
which 3 were the erect portion only and 3 included the coiled
portion along with part of the erect portion. These are restricted
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to the Bottineau interval and are found only in the lower zone of
mx;s well 274.
RectoseptaRlomospiranella sp.
Pl. 1, Fig. 22
Dia~nosis--Test large (0.65 mm - 1.23 mm). Initially coiled
with abrupt expansion in the coiled portion. Test later uncoiled to
large, wide, erect, uniserial tube with 4 to 6 large chambers
divided by thick, blunt septa nearly at right angles to walls.
Walls thickCoiled portion with short, anteriorly directed septa.
(0.05 mm - 0.07 mm), of dark, granular calcite with numerous
light-colored inclusions,
Discuss1on--This species closely resembles
Grapuliferelloides? of McKay and Green (1963) and Skipp (1969).
McKay and Green (1963, p. 48) questioned the assignment to
Granuliferelloides because they believed the species possesses a
characteristic rudimentary cribrate aperture. This feature is not
apparent on any of the specimens from my study nor readily apparent
in their illustrated specimens; however, other similarities exist,
mainly the widening of the erect portion to where it becomes much
wider than the coiled portion. The number of uniserial chambers is
similar to that reported by McKay and Green (1963) and identical to
that of Skipp (1969, pl. 18, fig. 29). Skipp (1969, p. 227) placed
several other specimens illustrated by McKay and Green (1963) in
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synonymy; this is not followed here because they did not seem to be
the same as the North Dakota specimens nor of the form synonymized.
Materials and Occ~rrence--There are 4 specimens, one of
which is nearly complete, and all posess the erect portion.
species is restricted to the lower zone of the Bottineau interval in
NDGS well 274.
Genus SeptaR1omospiranel1a Lipina, 1955
Type species: Endoth yra? primaeva Rauzer-chernoussova, 1948
~ Endothvra primaeva Chernysheva, 1940); renamed
Septa21omospiranella chernoussovensis Armstrong and Mamet,
DiaRnosis--Test small, discoidal, partlyevolute. Proloculus
followed by 1 1/2 to 5 skew-coiled volutions. Final volution has 5
to 8 small, semicircular to moderately elongated chambers.
indistinct in initial volution, well developed in lat~r volutions,
generally short with strong anterior direction. Walls dark,
fine-grained calcite (modified from description by Skipp, 1969, p.
22).
Discussion--The type species was designated as Endothvra?
primaeva Rauzer-chernoussova, 1948 by Lip1na (1955). This created
problems because Chernysheva (1940) earlier had described Endothyra
primaeva that was different from the Endothyra? primaeva of
Rauzer-Chernoussova. For reasons not clear to me, Lipina (1965)
claimed that Chernysheva's 1940 name was invalid and renamed it
lOS
The rule of priority would seemSePtag,lomospiranella compressa.
to indicate that Endothvra? primae!a Rauzer-Chernoussova 1948 is
an invalid name and should be the species that should be renamed.
Brenkle (1973, p. 28, 29) treated Se1>taRlomos1>iranella 1>rimaeva
(Chernysheva, 1940) and Septa~lomospiranella primae va
Armstrong and(Rauzer-Chernoussova, 1948) as two separate species.
(1977, p. 45) renamed Endothyra? primaeva
Rauzer-chernoussova SeptaRlomos1>iranella!;.hernoussovensis. this
is the type species effectively suppressing the name ~ compressa
Lipina.
Loeblich and Tappan (1964, p. C341, C350; 1988, p. 225,226)
placed the genus in synonymy with Septabrunsiins Lipins, 1955.
Their action in the Treatise has rarely been followed by subsequent
workers, and the original definitions concerning the coiling
differences between the two genera have seemed adequate to separate
Septa2lomospiranella Lipina is stillthe genera for most people.
for those forms that exhibit skew coiling thoughout the entire
test, and Septabrunsiina Lipina is used for forms with the initial
volutions skew coiled and the remaining volutions in a single plane.
Septa~lomospiranella chernoussovensis Armstrong and Mamet, 1977
Pl. 2, Fi~8. 3,4
Endotbyra? primaeva Rauzer-Chernoussova, 1948, p. 5, 6; pl.
figs. 12-14. (~Endothyra primaeva Chernysheva, 1940).
SeptaRlomospiranella primaeva (Rauzer-Chernoussova) Lipina, 1955,
pl. 3, figs.p.46; pl. 4, fig. 21; Brenkle, 1973, p. 29;
1-5
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Granu11f~rella Rranulosa Zeller, 1957, p. 695; pl. 77, figs. 1,
7~ 8~ 14~ 19~ 20; pl. 79, figs. 3-5, 20-22;pl. 78. fig- 2;
pl. 81, figs. 4, 5. 1,8, 10; pl. 82, figs. 6, 7.
[!!Ell] Septa~lomospiranella pri~eva (Chernysheva) Brenkle,
1973, p. 29; pl. 2, figs. 22-25
Se1>ta~lomos1>iranella of the group s. chernou~~~e_Qsjs Armstrong
and Mamet, 1..911, p. 45; pl. 28, fig. 2
Expanding abruptly in final volution with 1 1/2 to 2throughout.
1/2 volutions having 4-6 chambers. Peripheral outline lobate to
very lobate. Septa short, initially absent, becoming longer and
thickening with strong anterior direction in final whorl. Walls
thin (0.01 mm - 0.015 mm), dark, microgranular calcite.
Discussio.J!-$~ c~e~Q~ss9_~e_ns_is Armstrong and Mamet
differs from ~ primaeva Chernysheva by having assymetric chambers
(not readily apparent in the North Dakota specimens), a greater rate
It is also smaller thanof expansion, and a more lobate periphery.
~ primaeva Chernysheva and ~ daine Lipina. Brenkle (1973, p.
29) stated that~. chernoussovensis has more chambers in the final
volution than does ~ primaeva Chernysheva. Due to skewness of
the coil and limited sagittal sections, this character is not
readily apparent in the specimens at hand
collected, 10 are axial or nearly axial and 18 are at oblique
angles. These were found only in the Bottineau and Tilston
intervals.
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SeDtaRlomOSDiranella primaeva (Chernysheva. 1940)
Pl. 2, Figs. 5,6
pl. 2. fig. 8.Endothyra primaeva Chernysheva, 1940, p. 125;
Septa~lomosp1ranella primaeva (Chernysheva) Skipp, Holcomb, and
Gutschick, 1966, p. 23,24; pl. 1, figs. 1-9; Brenkle. 1973,
p. 29, pl. 2, figs. 22-25.
[!!-C!EJ SeptaSl.lomospiranella primaeva (Rauzer-Chernoussova)
Brenkle, 1973, p. 29; pl. 3, figs.
Dia~nosis--Test small to medium sized (0.34 mm - 0.44 mm).
Skew coiled throughout with 2 1/2 to 3 volutionsj expansion in final
volut1on continuous. Number of chambers in final whorl not
determined. Peripheral outline smooth to slightly lobate. Septa
absent in initial volution, become thick, short to moderately long
in final whorl with strong anterior direction. Walls moderately
thin (0.01 mm - 0.02 mm), dark, micro granular calcite. Secondary
deposits absent.
Discussion--The specimens identified here as ~ primaeva
(Chernysheva) are slightly larger and have a smoother periphery and
moderate expansion as compared to those identified as ~
chenqussovensis Armstrong and Mamet
~~erials and Occurrence--Of 8 specimens, 2 are nearly
axial, 2 nearly sagittal, and 4 are oblique sections. These are
rare and found only in the Bottineau interval.
L Int. TABLE 8~RENCE OF .§.. .PRIMAEVA
No. HO LO TI BI RA
--- --- - - - B 274 3311 3339 3060 3660 R 4
B 274 3075 3105 3060 3660 R 3
B 917 2804 2809 2605 3060 R 3
B 615 2485 2485 2463 2670 C 5
- Septala1omospirane11a daine Lipina, 1955
Pl. 2, Figs. 1,2
SePtaalomospiraBella ~ Lipina, 1955. pl. 5, figs. 1-3;
Skipp, Holcomb, and Gutscbick, 1966, p. 23; pl. I, figs.
14-19; pl. 4, fig. 8; Skipp, 1969, p. 223; pl. 16, figs,
14-19; pl. 17, figs. 5, 6,8.
Endothyra? McKay and Green, 1963, p. 45; pl. 61, fig. 8
DiaRnosis- .Test moderate in size (0.44 mm - 0.50 mm).
Moderate expansion in final volutionCoiling skewed throughout.
of 3 to 4 volut1ons, with 5 to 6 elongate chambers. Peripheral
outline smooth to slightly lobate. Septa short in early
volutions, longer in final volution with moderate to strong
No secondary deposits visible. Walls dark,anterior direction.
moderately thick (0.02 mm - 0.025 mm), microgranular calcite.
Discussion--Specimens are assigned to ~ ~ Lipina
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because they are slightly larger than the specimens of ~
orimaeva (Chernysheva) and have thicker walls. They differ also
from specimens of ~ ~ figured by Skipp, Holcomb,
Gutschick (1966, pl. 1, figs. 14-19), in having fewer volutions.
These are not placed in the genus Chernyshinella Lipina because
septa in the earliest volutions are not visible. Plecto9.yra sp.
of Zeller (1950, pl. 1, figs. 1,2,4,5,8,9,11; pl. 2, figs.
19-21) from the Gilmore City Limestone of Iowa may belong to~.
daine according to Skipp, Holcomb, and Gutschick (1966, p. 23)
However, these have more volutions and a much larger size than the
specimens of this study.
Materials ~ Occurrence-Qf 15 specimens collected. 9
are axial, 3 are sagittal. and 3 are oblique sections. 11rls
species is rare in the Bottineau interval, not found in the
Tilston interval, and are rare in the Frobisher-Alida interval.
Their absence in the Tilston interval is most likely due to few
samples.
TABLE 9~URRENCE OF S. DAIHE
= -, ,..r.
Int. No. HO 10 TI BI RA
~
B 274 3300 3319 3060 3660 R 2
B 274 3097 3097 3060 3660 R 2
F-A 116 8544 8597 8468 8860 R 7
F-A 1024 7214 7214 7070 7470 R 1
F-A 1065 9288 9288 9110 9480 R 2
F-A 263 8367 8367 8290 8700 R 1
Genus Septabrunsiina Lipina, 1955
~t_1!.~ lcrainica. Lipina, 1948.Type species:
DiaRnosis--Test small to medium in size, discoidal,
evolute, and may be umbilicate on one or both sides. Initial! to
2 yolutions skew coiled, remaining 3 to 4 volutions nearly
planispiral. Expansion moderate, increases in final volutions
Peripheral outline smooth to slightly lobate. Septa short. thick.
absent in early volutions, well developed in later volutions.
Walls dark, microgranular calciteSecondary deposits absent.
(Modified from Brenkle, 1973, p.
Discussio~--MOst of the specimens found were axial sections
showing initially skewed volutions followed by nearly planispiral
volut1ons. Because of this, it is difficult to see the presence
of septa that distinguish Septabrunsiina from Brunsiina (Lipina)
However, Brunsiina has been questionably recognized only once
(Skipp, Holcomb, and Gutschick, 1966, p. 20; pl. 4, fig. 9) in
North America whereas Septabrunsiina has been identified numerous
Skipp, 1969,times (Skipp, Holcomb, and Gutschick, 1966, p. 20;
Brenkle, 1973. p. 27, Armstrong and Mamet, 1977, p. 66,p.222;
Mamet, Bamber, and Macqueen, 1986, p. 9).
SePtabrunsiina krainica (Lipina, 1948)
Pl. 2, Figs. 7-9
Endothvra? krainica Lipina, 1948, p. 254, 255; pl. 19, figs.
3-6.
Seotabrunsiina krainica Lipina, 1955, p. 43; pl. 4, f1gs. 12,
13; Brenkle, 1973, p. 27; pl. 2, figs. 11-18,
Dia~nosis--Test small (0.25 mm - 0.4 mm). Initial whorls
slightly skewed becoming planispiral with 3 to 4 volutions.
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Expansion abrupt in final volution. Peripheral outline generally
Secondarysmooth. Septa short, thick, directed anteriorly.
deposits absent. Walls dark, microgranular calcite.
Discussion--Some of the specimens have a greater degree of
1965,skewness in the initial yolutions than reported by Lipina
!JjY! Brenkle, 1973, p. 27) and have as much or more skewness as
pl. 2, figs. 11-18).those illustrated by Brenkle, 1973 (p. 27;
whereas the dimensions also fit for SePtabrunsiina minuta
(Lipina); one poor sagital section shows 7 chambers--too few for
Brenkle (1973. p. 27,the 9-14 chambers of ~ minuta (Lipina).
28) listed in his synonymy a single specimen from Zeller (1957)
and two from Armstrong (1958). These were omitted here because
two of these three specimens are sagittal sections and few
sagittal sections were found in North Dakota to compare with them
~t~r~~~ ~g ~currence-Of 14 total specimens
assigned here, 13 are axial or nearly axial sections and one is an
oblique section. This species was found only in the Bottineau and
Tilston intervals in North Dakota, and is relatively rare.
TABLE 10-0CCURRENCE OF,§,. KRAINICA
Int. No. LOHO TI BI RA
274 3098 3144 3060 3660 R 2
917 2804 2804 2605 3060 R 2
38 4567 4614 4370 4670 R 4
170 3090 3120 3063 3235 R 2
- ---, "-- ---~~
B
B
T
T
Genus Spinobrunsiina Coni! and 1ys, 1977
Type species: Septabrunsiina (Spinobrunsiina) ramsbottomi
Coni1 and Longerstaey, 198O.
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DiaRnosi~--Test mediwn to lar'ge. discoidal, partlyevolute,
Initial volutions skew coiled, becomeumbilicate on both sides.
planispiral in 5 to 6 whorls. Expansion moderate to steady
SeptaPeripheral outline smooth to mildly lobate.throughout.
short, thick, absent in early volutions, well developed in later
whorls. Secondary deposits present as small mounds or nodes on
chamber floors. Walls dark, microgranular calcite,
undifferentiated
Discussion- Spinobrunsiina differs from Septabrunsiina in
having secondary deposits on the chamber floors. These deposits are
most commonly nodes or small mounds; lateral thickening is also
apparent in some axial sections.
Spinobrunsiina parakrainica (Skipp, Holcomb, and Gutschick, 1966)
Pl.. I, Figs. 11,16,17
Septabrunsiina erakr!inica Skipp, Holcomb, and Gutschick, 1966,
(partim); p. 21-22; pl. I, figs. 20-23.. 25-28; (E9.!!)
pl. 1, fig. 24; pl. 4, fla. 10; Skipp, 1969, :partim) p.
222; pl. 16, figs. 20-23, 25-28; (JlQ!!) pl. 16, fig. 24,
pl. 24~ fig. 15.
Spinobrunsiina parakra1nica Mamet, Bamber, and Macqueen, 1986, p
pl. 1, figs. 12-17.10. 11;
D1a2nos1s--Test medium to large (0.38 mm - 0.70 rom).
Initial 11/2 to 2 volutions slightly skewed, remaining 3 to4
volutions nearly planispiral. Septa absent in early volutions
becoming well developed in final whorl, forming 7 to 8 chambers
13
Gradual expansion throughout. Peripheral outline smooth to
slightly lobate. Secondary deposits on chamber floors as small
nodes or thickened floors. Walls dark, microgranular calcite.
undifferentiated.
Discussion--A large number of the North Dakota specimens
exhibit small nodes or thickened floors clearly visible in the
final volution. These nodes and floor thickenings are rare in
tournayellaceans and are the reason Conil and Lys (1977, p. 22)
named the genus separating those with secondary floor deposits and
the characteristic Septabrunsiina type of coiling from those
without.
Materials a1M! ~~~r_renc~ 'Fourty six specimens were
collected of which 19 are axial, 17 oblique, and 10 are sagittal
Spinobrunsiina parakra1nica (Skipp, Holcomb, and Gutsch1ck) is
one of the longer ranging foraminifers in the Williston Basin and
can be found in the Bottineau. Tilston. and Frobisher-Alida
intervals.
TABLE 11-occURRENCE OF~. PARAIRAINICA
-- Int. No. HO
-
B 274 3311
B 274 3075
B 917 2804
B 615 2484
T 38 4536
T 170 3089
T 1302 3112
F-A 1024 7167
F-A 3510 7519
F-A 263 8374
F-A 1065 9230
F-A 4097 6071
F-A 1276 9331
.-.
LO T1 BI RA
R 2
R 4
C 6
R 2
R 3
R 2
R 2
C 14
R 1
R 1
R 1
C 7
R 1
3335
3135
2809
2485
4608
3090
3112
7226
7519
8374
9230
6089
9331
3060
3060
2605
2463
4370
3063
3094
7070
7484
8290
9110
5990
9194
3660
3660
3060
2670
4670
3235
3248
7470
7897
8700
9480
6355
9570
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Subfamily Chernyshinellinae Reytlinger, 1958
Chernvshinel1a (Lipina, 1955)Genus
Endothyra ~1omiformis Lipina, 1955Type species:
Skew coiledDisanosis--Test small to medium sized.
Gradual rate of expansion in 1 to 4 volutions.throughout.
volution has 3 to 6 chambers that abruptly inflate posteriorly and
Septa present in allPeriphery lobate.flatten anteriorly.
Secondaryvolutions. generally short and directed anteriorly.
deposits present in some species'as low, unconnected mounds or as
Walls dark, microgranular tothickened walls around the proloculus.
coarse granular calcite (modified from Brenkle, 1973, p. 32).
Discussion-This genus is similar to the skew coiled genus
Septa9.1omospiranella, except that it has septa present in all
It also hasvolut1ons and in some cases, basal secondary deposits.
a more lobate periphery.
Chernvshinella antef1exa (Zeller, 1957)
Pl. 1, Figs. 9, 10
P!ectoRvra antef1exa Zeller, 1957, (~!:t1m) p. 698; pl. 81..
(Jl9.!!) pl. 79 ,pl. 82, figs. 1~1~1figs. 6, 11,12;
pl. 82, figs. 8, 9.10;
Endothyra1- morroensis McKay and Green, 1963, p. 35, 36; pl. 2,
figs. 1,2,8.9.
prChernvshinella anteflexa (Zeller) Skipp, 1969, p. 224, 225;
17, figs. 7, 12-14.
Dia~nosis--Test small to medium sized (0.325 mm - 0.475 mm).
Skew coiled throughout, having 3 to 4 volutions with 4 to 6
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chambers in final whorl. Peripheral outline slightly lobate to
lobate. Septa present throughout, short to moderately long in
final volut1on with strong anterior direction. Secondary deposits
present as small, unconnected thickenings on chamber floors.
Walls dark, microgranular calcite (0.015 mm - 0.025 mm) thick.
Aperture not seen
Discussion--Skipp (1969, p. 225) placed some of Zeller's
Plectog,yra anteflexa specimens, as well as Endothyra?
morroensis of McKay and Green (1963). in synonymy with her Redwa11
Zeller's (1957) specimens have more volutions but arespecimens.
nearly identical in size, shape, number of chambers, septation,
and stratigraphic position. This has been accepted here even
though most North Dakota specimens have more volutions than those
of Skipp (1969) and McKay and Green (1963).
Materials and Oc~~nce--Of 17 specimens collected
only 4 are confidently identifiable as c. anteflexa with 1
-
sagittal section and.3 axial sections. Thirteen other specimens
thought to belong to the genus Chernyshinella, but not
definitely referrable to this species, are counted here. These
were found only in the Bottineau interval and were common in both
horizons of NOOS well 274.
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Chernyshinella tumulosa Lipina, 1955
Pl. 2, Figs. 13, 14
Chernyshinella twnulosa Lipins, 1955, p. 51; pl. 5, figs
Brenkle, 1973, p. 33;16-19; pl. 3, figs. 20-22.
Tuberendothyra a££in. L. tumulosa (Lipina) Skipp. 1969. P
214; pl. 19, figs. 6, 7.
Coiling slightly skewed with 1 to L 1/2 volutions. Large
proloculus (0.05 mm - 0.088 mm) followed by 3 to 4 inflated
chambers. Expansion extremely abrupt in first volution.
Septa moderatelyPeripheral outline lobate, depressed at sutures.
long, thick, usually directed anteriorly. Secondary deposits
present as thickened wall and spines or nodes around proloculus.
Walls dark, microgranular calcite, undifferentiated.
Discussion--The most distinguishing feature of this species
is the thickened prolocular wall that contain spines or nodes
The North Dakota specimens have one volution so the degree of
certainty about skewness is not
Materials and Occurrence--On1y two specimens were
found, both of which are sagittal or nearly sagittal sections that
are thought to pass through the proloculus. These are very rare
and found only in the Tilston interval.
TABLE 13-OCCURRENCE OF f. TUMULOSA
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Genus Spinotournayella Mamet, 1970
Plectogyra tWDula Zeller. 1957.Type species:
Diaanosis- ."Test discoidal, biumbilicate, with rounded
periphery, enrolled and involute, early stage streptospiral with
asymmetrical pseudochambers, later stage planispiral with
endothyroid chambers as seen in section; wall calcareous t
microgranular, simple, with supplementary deposits forming
prominent nodes on the chamber floor with a height of up to
aperture simple, basal."two-thirds, that of the chamb~r lumen;
(Loeblich and Tappan, 1988, p. 230)
Mikhailoff, and Mortelmans (1970, p. 44) to separate specimens,
otherwise assignable to Septatournayell!t that contain floor
Mamet, Bamber, anddeposits from those that do not have them.
Macqueen (1986, p.ll) called this genus one of the most advanced
Tournayellids with the development of secondary deposits.
Spinotournavella tumula (Zeller, 1957)
Pl. 2, Fig. 34
PlectoRyra tumula Zeller, 1957 (partim); p.697; pl. 77.
pl. 79, figs. 7-9; pl. 82, fig. 3; ~ pl.fig. 5;
77, figs. 6, 11; pl. 79, figs. 12,23; pl. 82, figs. 4,
16, 17.
PlectoRyra ape Zeller, 1957, Plate 82, fig. 1
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?Endothvra tumula (Zeller MacKay and Green, 1963 (partim);
p. 40. pl. 3, fig. 15; ~ pl. 1, figs. 1,4.5; pI
2, fig. 17; pl. 3, fig. 13; pl. 4, figs. 7, 9, 11
Septatournavella tumula (Zeller) Brenkle, 1973, p. 30; pl. 3
8,9.
Spinotournavella tumula (Zeller) Armstrong and Mamet, 1977, p
Mamet, Bamber, and Macqueen, 1986 p. 11; pl. 2, figs
3.4.
Dia~nos1s--Test moderate to large (0.6 mm - 0.92 mm).
Nearly planispiral coiling; may have slight deviation in initial
volutions, having a total of 3 to 4 volutions and with 7 to 9
chambers in final volution. Rate of expansion fairly constant
with increase in final volution. Periphery slightly lobate to
lobate. Septa short to moderately long and curved anteriorly.
Secondary deposits are short spines in final chambers and low
mounds in earlier chambers. Walls dark, calcareous,
single-layered, 0.02 mm to 0.025 mm thick. Aperture a low basal
slit.
Discussion--Zeller (1957) named this species on the basis
of the low mounds on the floors of each chamber. He did not take
into account the degree of skewness in the coiling. Later workers
have reassigned several of his specimens of Pl!£to~yra tumula to
Tuberendothvra tuberculata. Mamet, :!E. Mamet, Mikha11off, and
Mortelmans (1970, p. 44), erected the genus Spinotournavella
because of the presence of secondary deposits on the floors of the
chambers, removing this species from the genus Septatournavella,
~. tumula waswhich does not contain secondary floor deposits.
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previously the only species of Septatournayella that had floor
The North Dakota specimens closely resemble Zeller'sdeposits.
P!ectOR.yra tumula material. The number of volutions, expansion,
and number of chambers and size are similar.
.~r~al~ ~Q Qc;cu~rence-Three good sagittal sections
were collected as well as three poorly preserved axial sections.
These are very rare and were found only in the Bottineau and
Frobisher-Aldia intervals.
Family Palaeospiroplectamminidae Loeblich and Tappan, 1984
Subfamily Palaeospiroplectammininae Loeblich and Tappan, 1984
Genus Palaeospiroplectammina Lipina, 1965
Type species: Spiroplectammina tcheryshinensis (Lipina, 1948).
Dis2nosis--Test small to medium sized and bimorphic.
LaterInitial portion is skew coiled, septate, and lobate.
portion is an erect biserial tube larger than the coiled portion.
Walls dark, microgranular calcite. Aperture a small opening at
the base of last chamber
Discussion--Lipina (1965) considered the genus
Palaeospiroplectammina as a transitional stage between the
Textulariidae and the Tournayellidae. By erecting this new genus,
Lipina (1965) removed those species with a secreted test from a
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valid genus in the Family Textulariidae, which includes
agglutinated forms.
(1969, p. 227-229) created the genus
Spiroplectamminoides for those foraminifers that are
morphologically similar to Spiroplectammina but have secreted
walls. Skipp (1969, p. 227), in a footnote, acknowledged
Palaeospiroplectammina Lipina and believed Spiropectamminoides to
be "
. . . mQst probably congeneric."
Palaeospiroplectammina tchernyshinensis (Lipina, 1948)
Pl. 1, Figs. 5, 6
Spiroplectammina tchernyshinensis Lipina, 1948, p. 256, 257;
pl. 20, figs. 4-8; Lipina. 1955. p. 78. 79; pl. 13, figs
1-5.
Spiroplectammina sp. McKay and Green, 1963, p. 28; pl. 1. figs.
7,13.
Spiroplectamminoides.lli~, tchernyshinensis (Lipins) Skipp,
p. 228, 229; pl. 24, figs. 8, .11.
Palaeospiroplectammina tchernyshinensis (Lipina) Brenkle, 1973,
p. 34,35; pl. 3, figs. 25-28
Palaeospiroplectammina of the group ~ tchernyshinensis (Lipina)
Mamet, 1976, pl. 7, figs. 1,3; pl. 4, figs. 3, 4.
Dia2nosis--Test medium sized (0.475 mm - 0.60 mm). Initial
coil small, followed by slightly expanding, erect, biserial tube
with 5 to 8 chambers in biserial portion. Coiled portion small,
about 1/4 to 1/3 of tota11ength. Chambers in coiled portion
small and slightly lobate. Biserial chambers relatively large
with thick septa but no secondary deposits. Walls dark
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microgranular calcite. Aperture, visible on one specimen, a low
slit at base of final chamber in biserial portion
Discussion--The initial coiled portion resembles
Chernyshinella in having septa in the earliest volutions and skew
coiling throughout the coiled portion. Few complete specimens
were found showing complete coiled and biserial portions. Several
fragments of the biserial portion were found that had widths
similar to complete specimens. These were placed in
PalaeosJ)iroJ)lectammin~ tchernyshinensis although it would be
difficult to distinguish these from Palaeospiroplectammina parva
(Chernysheva). However, all of the more complete specimens were f
tchernyhinensis; therefore, fragments of specimens of this
genus were placed with this species.
Materials and Occ~eAce--Twenty specimens were
collected with three being nearly complete. Ten specimens are of
the biserial portion only and six have portions of the coiled and
biserial parts. These are found only in the Bottineau interval
and were common in NDGS well 274.
Superfamily Endothyracea Brady, 1884
Family Endothyridae Brady, 1884
Subfamily Endostaffellinae Loeblich and Tappan, 1984
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Genus Latiendothyra (Lipina, 1963)
Endothyra lat1sp1ralis Grozdilova and Lebedeva,Type species:
1954.
and later may become planispiral with 3 to 4 volutions and 6 to 8
chambers in final whorl. Moderate to abrupt expansion of final
volution with rounded to slightly lobate periphery. Septa short,
thick, directed anteriorly, and may be secondarily thickened. Wall
dark, microgranular calcite, single layered.
Discussion--This genus is highly variable in the number of
Those specimens illustratedvolutions and the peripheral outline.
as Granuliferella tumida by Zeller (1957), and by MCKay and Green
(1963), are somewhat lobate and have fewer volutions than those
illustrated by Armstrong and Mamet (1977), and Mamet, Bamber, and
Macueen (1986). They are, however, similar in wall structure,
septation, number of chambers, and degree of skewness in coiling-
Latiendothvra parakosvensis (Lipina, 1955)
Pl. 1, Figs. 11, 12
Endothyra parakosvensis Lipina, 1955, p. 68; pl. 9, fig. 11; pI
10, figs. 1-3.
Granuliferella tumida Zeller, 1957, (partim) p. 696; pl. 77
fig. 21; pl. 81, figs. 1~18; (ESE) pl. 77, figs. 3, 22;
McKay and Green, 1963, p. 46; pl. 3, figs. 16, 17. 21.
Lat1endothyra of the group ~ parakosvens1s (L1p1na) Armstrong and
Mamet, 1977, p. 52; pl. 29, figs. 6,14,16; Mamet, Bamber,
and Macqueen, 1986, p. 13; pl. 3, £1g. 4.
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Skew coiled throughout with 3 to 4 volutions having 5 to 6 chambers
in final whorl. Expansion abrupt in final volution. Periphery
lobate with globular to subglobular chambers. Septa moderately
long, strongly directed anteriorly. Secondary basal deposits fora
Walls generally thin (0.02 mm - 0.025slight floor thickenings.
mm). dark, microgranular calcite.
Discussion--Specimens illustrated by Armstrong and Mamet
(1977) and by Mamet, Bamber, and Macqueen (1986) have more volutions
than those of Zeller (1957) and McKay and Green (1963). Williston
Basin forms tend to have the maximum number of volutions. A few
specimens have very slight floor thickenings and possibly
secondarily thickened septa.
Materials and ~~urrence--Qf the 32 specimens collected,
10 are sagittal sections, 11 are axial, and 11 are oblique. All of
the oblique sections and 4 of the axial sections are somewhat
questionable in that species characteristics are not readily
apparent. These are found in the Bottineau and Tilston intervals
only and are common to rare in each interval
Genus Spinoendothvra Lipina, 1963
Type species: Endothyra costifera Lipina, 1954
DiaRnosis--Test close coiled in early stage with 3 to 4
whorls of increasing height. Numerous chambers per whorl. Last
whorl planispiral. Septa long, straight, not thickened at ends.
Wall calcareous, finely granular, obscure, single layered.
Secondary deposits well developed as arches, hooks, and
forward-projecting spines. Aperture a simple, basal, relatively
high opening (modified from Loeblich and Tappan, 1988, p. 238).
Discussion--Armstrong and Mamet (1976 p. 12) discussed the
possibility of Tuberendothvra Skipp as a junior synonym of
Spinoendothvra. Both genera have a similar morphology, disconnected
secondary deposits, and similar stratigraphic ranges. I placed
those forms with disconnected spinose secondary deposits in
Spinoendothvra and those forms with heavy or massive mounds or
tubercles in Tuberendothvra.
Spinoendothvra paratumula (Skipp, 1969)
Pl. 2, Figs. 19, 20
PlectoRyra tumula Zeller, 1957, (partim) p. 697; pl. 77, fig.
6; ~ pl. 77, figs. 5, 11; pl. 79, figs. 7,8,9.12.
23; pl. 82, figs. 3, 4,16,17
Tuberen~othyr! paratumula Skipp, 1969, p. 211, 212; pl. 18, figs.
1-25.
Spinoendothvra paratumula (Skipp) Mamet, Bamber, and Macqueen,
1986, p. 17; p. 5, figs. 9-14.
Dia~nosis--Test medium sized (0.38 mm - 0.54 mm). Early
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volutions skew coiled, expanding gradually, with final 3 to 3 1/2
volutions becoming planispiral, expanding abruptly, and having 6 to
9 chambers. Peripheral outline smooth to slightly lobate. Septa
long, pointed, directed anteriorly. Secondary deposits as
unconnected spines, usually long, on every chamber floor. Walls
generally thin, dark, microgranular, undifferentiated. Aperture a
low basal slit.
varatumula Skipp in size, roundness, number of volutions, and number
of chambers. Mamet, Bamber, and Macqueen (1986, p. 17) placed only
Skipp's 25 illustrated specimens in their synonymy of
Spinoendothvra paratumula. Some were placed in a different
species of Spinoendothyra and a few were placed in Tuberendothyra.
The specimens illustrated by Mamet, Bamber and Macqueen (1986) have
a more lobate periphery and thinner walls than those of Skipp (1969)
the Williston Basin forms
Materials ~ ~_currence--Of the 34 specimens, 19 are
These aresagittal, 8 are axial, and 7 are oblique sections.
confined to the Frobisher-Alida interval only and are common to
abundant in NDGS well 1024 and rare in others
7226
8404
9237
8596
9331
7070
8290
9110
8468
9194
74
871
94;
88
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A
R
R
R
R
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Spinoendothvra recta (Lipina,
Pl. 2, Fig. 30
Endothyra recta Lipina, 1955 (partim) p. 60; pl. 7, fig. 4;
(.!!Q.g) pl. 7, figs. 5-8.
Spinoendothyr! recta (Lipina) Mamet, Bamber, and Macqueen, 1986,
p. 18; pl. 6. figs. 1-3.
DiaRnosis- -Test moderately large (0.66 mm - 0.72 mm). Skew
coiled with 3 to 4 gradually expanding volutions, final volution
with 10 chambers. Peripheral outline lobate. Septa long, curved,
slightly directed anteriorly. Secondary deposits as spines on
chamber floor, unconnected. Wall thin, dark, microgranular,
undifferentiated. Aperture a moderately high slit on apertural
face.
Discussion--Specimens from North Dakota are slightly larger
than those of either Lipina (1955), or Mamet, Bamber, and Macqueen
(1986). Also, the aperture is higher than that of the specimen
illustrated by Mamet, Bamber, and Macqueen (1986, pl. 6, fig. 2).
with 1 a sagittal section, 2 oblique, and 1 axial. These were found
in only three well cores of the Frobisher-Alida interval and are
very rare.
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Spinoendothy-ra spinosa spinosa (Cherysheva, 1940)
Pl. 2, Figs. 17, 18, 26
ga~othyra spinosa Chernysheva. 1940. p. 126; pl. 2, fig. 12;
Lipina, 1955, p. 62; pl. 8, figs. 3-5; McKay and Green,
1963, p. 38; pl. 2, figs. 3, 4; Skipp, 1969, p. 205,206;
pl. 19, fig. 5, pl. 20, figs. 1-11.
Endothyra sp. ~ ~ spinosa (Chernysheva) McKay and Green,
1963, p. 39; pl. 4, figs. 1, 12, 14
Endothyra spp. McKay and Green, 1963; pl. 2, figs. 7, 13, 18.
Endothyra? paraspinosa Skipp, 1969, p. 204; pl. 20, figs. 16, 17,
Tuberendothvra tuberculata Skipp, 1969, (partim) p. 213, 214;
pl. 19, figs. 14, 15, 17; (~pl. 20, figs. 21, 25;
pl. 19, figs. 13, 16, 18-22: pl. 20, figs. 18-20,22-24,
26-29.
Spinoendothvra spinosa spinosa (Chernysheva) Mamet, Bamber, and
Macqueen, 1986, p. 15, 16; pl. 4, figs. 1-8.
DiaRnosis--Test medium sized (0.54 mm - 0.65 mm). Initial
volutions skewed. Final of 3 to 4 volutions nearing single plane
with 7 to 8 chambers. Expansion gradual, becoming abrupt to
moderately abrupt in final whorl. Peripheral outline lobate with
well marked-sutures. Septa medium to long, strongly directed
anteriorly. Secondary deposits as unconnected spines on chamber
floors throughout. Walls dark, microgranular,in some cases
differentiated. Aperture low, basal.
Discussion--Specimens of this species resemble species of
Tuberendothvra Skipp in that they are skew coiled and have secondary
floor deposits on the floors of every chamber. The floor deposits
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of specimens belonging to species of Spinoendothvra are unconnected
spines as compared to massive tubercles of Tuberendothyra. The
discrete spines are difficUlt to see in sections other than good
sagittal sections, so the number of identifiable specimens comes
mainly from sagittal sections.
Lipina (1955) found several of her specimens to be wider for
the same number of whorls and to have thicker walls, so she named a
new subspecies of~. spinosa. Mamet, Bamber, and Mcqueen (1986)
renamed the subspecies because Lipina had used a preoccupied name
Mate:J;:ials and Occurrence-Forty specimens were collected
of which 24 are sagittal sections, 4 are axial sections, and 12
sections are at some oblique angle. These are common to abundant in
the Frobisher-Alida interval only.
Spinoendothyra spinosa crassitheca Mamet, Bamber, and Mcqueen,
1986
Pl. 2, Fig. 31
Endothvra spinosa Lipina, 1955, p. 63; pl. 8, figs. 6, 7.
Tuberendothyra tuberculata Skipp, 1969, (partim), pl. 19.
figs. 20, 21; pl. 20, figs. 25, 27

130
Genus Phillips, 1846Eridothyra
Phillips, 1846.Endothyra bowmaniType species:
Diagnosis- ."Test enrolled throughout, partially involute
perpihery broadly rounded, early stage streptospirally enrolled or
with plane of coiling changing abruptly during growth, chambers
inflated and few per whorl and with few whorls; wall calcareous.
microgranular, with two or three layers, a thin dark outer layer or
tectum and a thicker, fibrous to alveolar inner layer or
diaphanotheca, commonly in part recrystallized and may have an inner
tectorium, secondary deposits consist of nodes, ridges, or hooks on
the chamber floor; aperture a low basal slit, those of earlier
chambers enlarged by resorption" (Loeblich and Tappan, 1988, p
239, 240).
Discussion-Endothyra was named in 1843 by Brown who
described a genus recognized but not published by Phillips. Brown
gave credit to Phillips, and designated Endothyra bowmani as the
type species. It became apparent to later workers that the two
specimens described by Brown and by Phillips were not of the same
species and probably not of the same genus (Scott, Zeller, and
Zeller, 1947). Brown illustrated a planispiral form and Phillips
illustrated a skew coiled form. Brady (1876) redescribed and
refigured Endothyra bowmani. This revision defined Endothyra as a
Inskew coiled foraminifer with a wandering or revolving axis.
1950, Zeller introduced the genus PlectoRyra for the skew coiled
endothyroids, leaving Endothyra a nearly planispiral form as
illustrated An opinion by the International Commissionby Brown.
of Zoological Nomenclature (Ic:lN Opinion 724, 1965) established
Phillips as the author, not Brown, of Endothyra, which
includes the skew-coiled forms. PlectoRyra became a junior homonym
of Endothyra.
Endothyra baileyi (Hall, 1864
Pl. 2, Figs. 28, 32,33
PlectoRyra 8p. Zeller, 1950, p. 15, 16; pl. 2, fig. 2; pl. 3,
figs. 12-14; Zeller, 1957; pl. 80, fig. 23
Endothvra McKay and Green, 1963, p. 44; pl. 6, figs. 16,
19.
Endothyra sp. McKay and Green, 1963; pl. 9, fig. 15.
Endothyra baileyi (Hall, Skipp, 1969, p. 198 - 200; pl. 1.7,
figs. 28, 29; pl. 23, figs. 1-6, 11.12.14. 15, 18, 19;
pl. 24, figs. 13, 14.
Globoendothvra of the group ~ bailevi (Hall) Armstrong and
Mamet, 1977, p. 73, 74; pl. 32. figs. 5-7; Mamet t Bamber t
and Macqueen, 1986; pl. 10, f1g. 8; pl. 11, figs. 1-7.
For a more complete synonymy see Armstong and Mamet (1977 p. 73).
DiaRDosis--Test medium to large (0.47 mm - 1.30 mm).
Initial 1 1./2 to 2 volutions skew coiled with remaining 2 1/2 to 3
volutions nearly planispiral. Final volution has 9 to 11 chambers
Expansion gradual in earlywith moderately abrupt expansion.
volutions. Peripheral outline smooth to slightly lobate. Septa
long to moderately long, at varying angles from walls ranging from
nearly perpendicular to strongly directed anteriorly. Secondary
p. D
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deposits as low, connected mounds or nodes on chamber floors in
last whorl. Walls dark, microgranular, undifferentiated to
differentiated with tectum and diaphanotheca
Discussion--This species was first described by Hall (1864)
as Rotalia baileyi. Henbest (1931 emended the description
and reassigned the species to Endothvra. Reytlinger (1959)
erected the genus Globoendothvra for those forms that have a
tectum and a clear diaphanotheca. Armstrong and Mamet (1977, p.
71-74) put this species in the genus Globoendothvra and descibed
their material as having a poorly defined diaphanotheca. Some of
the North Dakota specimens exhibit a poorly defined diaphanotheca
but most do not. Recrystallization may account for the
non-uniform wall structures throughout the species. Since the
majority of specimens from the Williston Basin have 8 rather
homogeneous wall and a two-layered wall is the exception, the
species was assigned to the genus Endothyra.
Ma_t_erials and Occurr~nce--The diagnosis is based on 138
specimens from the Frobisher-Alida and Ratcliffe intervals. It is
common in NDGS well 1024 in the Frobisher-Alida interval and
common to very abundant in the Ratcliffe interval.
Endothvra incras~ta McKay and Green, 1963
Pl. 1, Figs. 15,23
Endothyra incrassata McKay and Green, 1963, p. 32; pl. 7, figs.
10, li, 17.
Endothvra ~ ~ incrassata (Mclay and Green) Skipp, 1969
p.202; pl. 26, figs. 1,2
mm). Skew coiled throughout with 3 to 4 volutions; final whorl
with abrupt expansion and 4 to 6 large chambers. Peripheral
outline smooth. Septa moderately long, thick, blunt, directed
anteriorly. Secondary deposits as septal thickenings on posterior
tips of septa. Anterior thickening at septal join. Basal
secondary deposits in final chamber as large hook-shaped hamulus,
low mounds or nodes on floors of preceding chambers of some
specimens. Walls dark, microgranular calcite, undifferentiated.
Discussion--The specimens from the Williston Basin differ
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slightly from those of McKay and Green (1963) in having fewer
McKay and Green (1963, p. 32) reported 4 1/2 to 5volutions.
volutions whereas these have 3 to 4 volutions. Skipp (1969, p.
202) reported fewer volutions in the Redwall specimens, with more
chambers (5 to 7) in the final whorl than those of McKay and Green
(1963). Some of these differences may be due to the orientation
of the sections through these specimens, but the coiling, size,
and secondary deposits are nearly identical to those of Skipp
(1969)
Materials and Occurrenc~ .Fifteen specimens were
collected of which 12 sections are at some oblique angle, 2 are
sagittal, and 1 is axial. !. incrassata was found only in the
Bottineau interval of the Williston Basin and only in NDGS well
274.
Int.
- ~-~-- -- -
B 274 3319 3339 3060 3660 C 9
B 274 3097 3097 3060 3660 C 6
--II
Endothvra tantala (Zeller, 1953)
Pl. 2, Figs. 21, 22, 27
PlectoRyra tantala Zeller, 1953, p. 195 - 196; pl. 27, fig8
14, 16, 17; Woodland, 1958, p. 799; pl. 100, figs. 9, 11;
103, figs. 9, 11.
Endothvra tan tala (Zeller Skipp, 1969, p. 206; pl. 22, figs.
pl. 23, fig. 23.
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Coiling is skewed with 2 to 3 volutions; final volution has 4 to 6
chambers and expands abruptly. Peripheral outline is slightly
lobate to lobate. Septa moderately long, secondarily thickened on
ends. Secondary deposits form prominant spines on final chamber
floor and tend to be resorbed in earlier chambers. Walls dark,
microgranular calcite, possibly differentiated.
Discussion--Oblique sections through Spinoendothvra may
resemble Endothyra tantala with!. tantala having a cresentic
outline and long secondary basal deposits. The difference is the
secondary thickening of the posterior ends of septa and the thin
connecting layers of basal secondary deposits between spines or
nodes in!. tantala as described by Zeller (1953, p. 195, 196)
These connecting layers were not present in Skipp's Redwall
specimens (Skipp, 1969, p. 206).
sections are at some oblique angle, 2 are axial, and 3 are
sagittal. !. tan tala is found in both the Frobisher-Alida and
Ratcliffe intervals and is rare in most wells with the exceptions
of NDGS well 1024 in the Frobisher-Alida interval and NDGS well
607 in the Ratcliffe interval.
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TABLE 23--OCCURRENCE OF !. TANTALA
RAInt. No. HO LO TI 8I
F-A
F-A
F-A
F-A
R
R
R
R
R
R
R
1024
263
1~5
4097
41
3456
4978
956
44
3235
607
7178
8371
9226
6071
9116
6620
6392
9298
8522
9141
9003
7221
8404
9237
6071
9116
6620
6392
9298
8522
9141
9009
7170
8290
9110
5990
8869
6518
6218
9107
8364
8824
8814
7470
8700
9480
6355
9129
6818
6509
9394
8626
9143
9045
C
R
R
R
R
R
R
R
R
R
C
Endothvra torQuida (Zeller, 1957)
Pl. 2, Figs. 10-12
PlectoRyra torQuida Zeller, 1957, pl. 698,699; pl.. 78, f1S. 7;
pl. 80, fig. 27.
Endothyra torQuida (Zeller) Skipp, 1969, p. 207; pl. 21~ figs.
15':19; pl. 22, figs. 1-5,9.
Endothyra (!1) torQuida (Zeller) Brenkle, 1973, p. 42; pl. 4,
figs. 19,20.
slightly umbilicate on one side. First of 3 to 3 1/2 volutions
skew coiled with final 1 to 1 1/2 volutions essentially
planispiral and containing 7 to 8 chambers. Peripheral outline
smooth. Septa of medium length with, moderately directed
anterior. Secondary basal deposits present as very 3mall nodes on
chamber floors in final volution. Walls faintly layered.
Discussion--The Williston Basin specimens appear to lack
the hamuli reported by Zeller (1957, p. 699). This may be due to
poor orientation of the sections involved, as there are few good
12
4
2
1
3
2
1
2
1
1
6
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sagittal sections. The small nodes on the chamber floors resemble
closely those of Zeller (1957) and Skipp (1969). Brenkle (1973,
p. 42) reported basal secondary deposits that were poorly
developed but these were not visible on his illustrated specimens.
Skipp's (1969) specimens have more chambers in the final volution
than mine.
Mater_~ls and Occurrence-One hundred six specimens
were collected from both the Frobisher-Alida and Ratcliffe
intervals of the Williston Basin. There are several good axial
sections and a few good sagittal sections but a majority of the
sections are oblique. !. torquida is rare in the
Frobisher-Alida interval, but common to abundant in the Ratcliffe
interval.
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EndQ!;:hy:r~ tr~_tda (Zeller, 1957:
Pl. 1, Fig. 25; Pl.. 2, Fig. 20
PlectoRyra trachida Zeller, 1957, p. 698; pl. 81, fig.
PlectoRyra sp. Zeller, 1957, pl. 81, figs. 2, 3.
Endothvra sp. C ~cKay and Green, 1963, p. 43; pl. 6, figs. 1,3,
Endothyra trachida (Zeller) Skipp, 1969, p. 208; pl. 19, f1g.
4; pl. 21, figs. 1-14.
Diaanosis--Test medium to large (0.52 mm - 0.75 mm),
slightly skewed in initial volutions with final 1 1/2 to 2 of
total of 3 to 4 1/2 volutions nearly planisp1ral. Expansion
increases in final whorl with 9 to 11 chambers. Peripheral
outline mildly lobate to lobate. Septa of medium length, curved,
and at varying angles to the wall, most directed anteriorly.
Basal secondary deposits as low basal mounds, unconnected. Walls
dark, microgranular calcite.
Piscussion~Zeller (1957, p. 698) named this species after
a single specimen. Skipp (1969, p. 208) redefined the species to
include forms that are generally larger, have more variation in
chamber shape and arrangement, and more variety of secondary
deposits. The specimens of this study closely resemble those of
Skipp (1969) in size, coiling, number of volutions, and chamber
shape and arrangement. The secondary basal deposits vary from
inconspicuous to low mounds, directed anteriorly. Wall structure
could not be determined.
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identified with 7 being sagittal sections, and 4 at oblique
These are rare inangles, not far from being sagittal sections.
the Frobisher-Alida and Ratcliffe intervals.
RA
-
BQInt. No.
-
F-A 263
F-A 4097
F-A 1276
R 41
R 956
--
TABLE 25-OCCURRENCE OF ,!. rRACHIDA
~--_c --- .
i LO T1 81
8404 8290 8700
6089 5990 6355
. 9309 9194 9570
9116 8869 9129
I 9298 9107 9394
-
8377
6077
9306
9116
9296
Genus Tuberendothvra. Skipp, 1969
Type Species: ~~2th'fra ~rc~ Lipina, 1948.
Diaanosis--"Test discoidal to subglobular, biumbilicate,
periphery rounded, early stage streptospiral, later planispirsl,
septa long. directed slightly forward and following the curvature
wall dark to gray, two layers, secondaryof the outer wall;
deposits on the floor of all chambers form prominent unconnected
mounds or tubercles that are equidimensional to elongate and may
appear in section as nodes or spines, inner tips of the septa may
(Loeblichbasal aperture low to moderate in sizebe thickened;
and Tappan, 1988, p. 242, 243)
as a subgenus of Endothyra. for those endothyro1ds that have
massive secondary basal deposits, now considered to be
characterist~ o( the genus !uber~dof2yra. !uberendothyra ~ ~W'i"
.. J-c
R
R
R
R
R
2
5
2
1
2
-
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Tuberendothy!:! tuberculata (Lipina) Mamet, 1976; pl. 5. fig. 3;
pl. 6, file 1. pl. 7, f1gs. 6-8; Mamet, Bamber, and
Macqueen, 1986, p. 20. 21; pl. 7, fig. 1.
CoilingDiaRnosis--Test medium sized (0.5 mm - 0.65 mm).
skewed throughout, in 3 1/2 to 4 volutions. Final volution near:ly
planispiral with 5 to 7 large chambers. Expansion of coil very
gradual in early volutions becoming abrupt in final volution.
Peripheral outline lobate. Septa moderately long and secondarily
thickened at tips. Basal secondary deposits as unconnected heavy
mounds, hooks or nodes, present in every chamber. Walls dark.
microgranular calcite, undifferentiated
Discussion--These specimens are identified as
Tuberendothvra tuberculata on the basis of the thick, heavy,
Thesesecondary, basal deposits and secondarily thickened septa.
features separate it from Spinoendothvra. The walls are reported
as undifferentiated but a few specimens have what may be
considered a tectum and poorly differentiated tectoria. This may
be a product of recrystallization; however, Mamet, Bamber, and
Mcqueen (1986, p. 21) reported poor differentiation in the wall
structure and Loebl1ch and Tappan (1988, p. 242) reported a
two-layered wall as a characteristic of the genus. Skipp (1969,
p- 213) described relict layering-
Mamet, Bamber, and Mcqueen (1986, p. 21 included
Chernyshinella tumulosa Lipina in his synonymy, saying that he
is convinced that it is a high oblique cut through Tuberendothyra
tuberculata. This was not followed here because of the
extreme roundness of the proloculus and the thickened wall found
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in those identified as Chernyshinella tumulosa Lipina.
~etlals and Occurrence-Thirty eight specimens were
collected, all from the Tilston interval where it was common to
abundant in 3 different well cores
TABLE 26-occURRENCE OF 1- TUBERCULATA
T
T
T
38
170
1302
4557
3087
3114
4618
3121
3117
4370
3063
3094
4670
3235
3248
A22
C 11
C 5
Genus EoendothvranoDsis Reytlinger and Rostovceva, 1966
Type species:
1954.
~iaRnosis-"Test enrolled, inflated, nautiloid to flattened
and biumbilicate, involute, periphery rounded, early coiling
slightly irregular, later planispiral, septa oblique, a
continuation of the curve of the outer chamber wall; wall
calcareous, microgranular, dark, with poorly defined inner hyaline
rad1allayer, secondary deposits at the base of the chambers
appear as a forward projecting hook or spine in the final chamber,
those of earlier chambers resorbed but leave a low residual knob;
aperture basal, a low arcuate slit" (Loeblich and Tappan, 1988,
p. 240).
Discussion--Species are recognized by the number of
chambers in the final volution, the ratio of diameter to width
referred to as form ratio, and the degree of development of the
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diaphanotheca. The genus is distinguished from Endothyra by
having a larger number of chambers that are smaller than the
inflated chambers of Endothvra.
Eoendothyranopsis spiroides (Zeller, 1957
Pl. 2, Figs. 15, 16
Endothvra spiroides Zeller, 1957, (partim) p. 702; pl. 75,
fig- 25; pl. 76, figs. 6, 7; pl. BO, figs. 18, 19, 28; (
~ pJ
~llerella spiroides (Zeller) Skipp, 1969, p. '221; pl. 17,
figs. 22-24; pl. 24, f1g. 16; pl. 27, figs. 6-9, 12, 13
15, 16.
DisRnosis--Test medium sized (0.34 mm - 0.57 mm). Initial
1 1/2 to 2 of total of 4 to 5 volutions slightly skewed, remaining
volutions planispiral with 11 to 12 chambers in final whorl.
Expansion of coil gradual with slight increase in final volution.
Peripheral outline slightly lobate with slightly depressed
Septa short to medium length, directed anteriorly.sutures.
Secondary deposits absent. Walls differentiated with dark outer
tectum and poorly developed d1aphanotheca. Aperture a low, basal
slit.
Discussion--Skipp (1969, p. 221) and Mamet (1977, p. 77)
reported a forwardly directed hamulus in some specimens in the
final chambers. This feature is not visible in all but one
oblique section in this study, mostly due to alteration of the
>, fi8. 8.
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rock. The diaphanotheca is not clearly visible in all specimens
but is present in portions of enough specimens to be
distinguished.
Materials ~ Occurrence-Forty two specimens were
identified as!. spiroides (Zeller). These were found in the
Frobisher-Alida and Ratcliffe intervals and were common in only
NDGS well 1024 in the Frobisher-Alida interval.
TABLE 27--OC'CURRENCE OF ,!. SPIROID~
Int.
F-A
F-A
F-A
F-A
F-A
R
R
R
R
R
R
R
Ho. HO
1024 7167
3510 7484
1065 9243
116 8644
1276 9309
41 9082
3456 6640
734 8388
956 9276
3235 9141
2391 6690
607 9003
to TI BI RA
7226
7526
9243
8544
9309
9116
6640
8388
9298
9141
6690
9015
7170
7484
9110
8468
9194
8869
6518
8259
9107
8824
6500
8813
7470
7897
9480
8860
9570
9129
6818
8510
9394
9143
6700
9045
C 17
R 3
R 1
R 1
R 1
R 4
R 1
R 3
R 4
R 2
R 1
R 5
-- -- - ---
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EXPLANATION OF PLATE 1
(All magnifications are 60X)
The NDGS well number plus depth in feet forms a unique number
for each slide, which is used tantamount to a catalogue number.
Numbers in parantheses are coordinate numbers, for locating
specimens, as described in the chapter, Methods.
FiRure
Earlandia. sp. Longitudinal view, NDGS well 503,3455 ft.,
BOttineau Co., Bottineau interval (2.0-0.1).
1
Longitudinal view, NDGS well 1065, 9209 ft
Frobisher-Alida interval (2.0-2.2).
2
Paratikhenella sp. Longitudinal view, NDGS well 503.3405-3410
ft. Bottineau Co., Tilston interval (2.7-0.5).
3
ParacaliRella sp. Longitudinal view with proloculus, irregular
second chamber and narrow tube, NDGS well 956,9242.6 ft.,
Ratcliffe interval {2.1-I.B).
4
Palaeospiroplectammina tchernyshinensis (Lipina). Host of
erect portion and part of coiled portion, NIx;S well 274,3321
ft., Pierce Co., Bottineau interval (2.7-2.2).
5
6 Palaeospiroplectammina tchernyshinensis (Lipina). Nearly
complete view of both coiled and erect portions, NIx:;S well 274,
3319 ft., Pierce Co., Bottineau interval (1.8-1.3).
7 Tou!:nayella discoidea Dain. Sagittal view, NDGS well 3235,
9141 ft., Williams Co., Ratcliffe interval (1.9-1.4).
8 Tournayella ~iscoidea Dain. Sagittal view, NDGS well 1024
7170 ft., Divide Co., Frobisher-Alida interval (5.5-4.5).
Chernvshinella anteflexa (Zeller). Oblique axial view, NDGS
well 917,2639 ft., Rolette Co., Bottineau interval (4.4-1.6)
9
Chernvshinella anteflexa (Zeller). Sagittal section, NDGS
well 274,3279 ft., Pierce Co., Bottineau interval (3.2-1.0)1.0
Spinobrunsiina parakrainica (Skipp, Holcomb, and Gutschick).
Sagittal section, NDGS well 1065, 9230 ft., McKenzie Co.,
Frobisher-Alida interval (2.1-1.0).
2 Tournayella discoidea Dain. Oblique view, NDGS well 1024,
7204 ft., Divide Co., Frobisher-Alida interval (5.5-4.5).
Tuberendothyra tuberculata (Lipina). Oblique view, NDGS well
170, 3113 ft., Bottineau Co., Tilston interval (3.8-0.8).
13
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14 Tuberendothyra tuberculata (Lipian). Oblique view. NDGS well
38.4614 ft.. BOttineau Co., Tilston interval (3.2-2.0).
Endothyra incrassata McKay and Green. Sagittal section, NDGS
well 274,3097 ft., Pierce Co., Bottineau interval (2.7-1.1).
lS
16 Spinobrunsiina parakrainica (Skipp, Holcomb and Gutschick).
Sagittal section, NDGS well 4097, 6084 ft., Ward Co.,
Frobisher-Alida interval (3.0-1.7).
Spinobrunsiina parakrainica (Skipp, Holcomb and Gutschick).
Axial section, NDGS well 4097,6086 ft., Ward Co.,
Frobisher-Alida interval (0..4-2.4).
17
18 Rectosepta2lomospiranella nalivkini (Reytlinger). Most of
coiled portion and part of erect portion, NDGS well 274,3325
ft., Pierce Co., Bottineau interval (3.5-1.0).
19 Eoforschia moelleri (Malakhova). Complete saggital view with
proloculus, -NJx;S well 1024,7220 ft., Divide Co.,
Frobisher-Alida interval (4.6-3.2).
Endothvra. trachida (Zeller). Oblique saggital view, NDGS
wel-l 41,9116.1 ft., McKenzie Co., Ratcliffe interval
(1.1-2.0).
20
21 Pohlia henbesti (Skipp, Holcomb and Gutschick). Axial
section~N~ well 1024, 7167 ft., Divide Co., Frobisher-Alida
interval (3.1-0.1).
22 RectoseptaRlomospiranella sp. Most of erect portion, none or
very little of coiled portion, NDGS well 274,3321 ft., Pierce
Co., Bottineau interval (1.1-2.4).
23 Endothyra incrassata McKay and Green. Oblique sagittal
section, NDGS well 274, 3321 ft., Pierce Co., Bottineau
interval (0.7-2.1).
24 Eoforschia moelleri (Malakhova). Axial view. NDGS well 2667,
9481.4 f~.-MCKenzie Co., Ratcliffe interval (4.5-2.5).
25 Pohlia ~nbesti (Skipp, Holcomb and Gutschick). Oblique
s-ec-iion, NJx;S well 1024, 7181 ft., Divide Co., Frobisher-Alida
interval (4.5-2.7).
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EXPLANATION OF PLATE 2
(All magnifications are 6OX)
The NDGS well number plus depth in feet forms a unique number
for each slide, which is used as tantamount to a catalogue number.
Numbers in parantheses are coordinate numbers, for ;locating
specimens, as described in the chapter, Methods.
Fi~ure
SePtaRlomospiranella~ Lipina. Axial section, NDGS well
1065,9287 ft., McKenzie Co., Frobisher-Alida interval
(1.0-0.7).
SePtaRlomospiranella~ Lipina. Oblique sagittal section,
HOGS well 1065,9287 ft., McKenzie Co., Frobisher-Alida
interval (3.0-2.6).
2
SeptaRlolDOspiranella chernoussovensis Mamet. Sagittal
section, NDGS well 274,3075 ft., Pierce Co., Bottineau
interval (2.7-0.7).
3
SePtajl,lomospiranella chernoussovensis Hamet. Axial section,
NDGS well 274, 3341 ft., Pierce Co., Bottineau interval
(2.6-1.6).
5 SeptaRlomospiranella primaeva (Chernysheva). Axial section,
NDGS well 274,3097 ft., Pierce Co., Bottineau interval
(3.1-1.7).
6 SeptaRlomospiranella primaeva (Chernysheva). Sagittal
section, NDGS well 274, 3335 ft., Pierce Co., Bottineau
interval (3.5-1.2).
Septabrunsiina krainica (Lipina). Axial section, NDGS well
274, 3144 ft., Pierce Co., Bottineau interval (2.6-2.0).
7
8 Septabrunsiina krainica (Lipina). Axial section, NDGS well
3456,6624 ft., Divide Co., Ratcliffe interval (2.7-2.4).
SeDtabrunsiina krainica (Lipina). Axial section, NDGS well
1024, 7226 ft., Divide Co., Frobisher-Alida interval (3.3-3.1
9
Endothyra torQuida (Zeller). Axial section, NDGS well 2667,
9481 ft., McKenzie Co., Ratcliffe interval 3.1-0.6).10
Endothyra torquida (Zeller). Sagittal section, NDGS well
2667,9481 ft., McKenzie Co., Ratcliffe interval (2.9-1.3).
11
12 Endothyra torquida (Zeller). Sagittal section, NDGS well 41
9116 ft., McKenzie Co., Ratcliffe interval (2.6-1.4).
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Chernyshinella tumulosa Lipina. Oblique section, NDGS well
1302, 3112 ft., Bottineau Co., Tilston interval (3.0-1.1).
13
,4 Chernvshinella tumulosa Lipina. Oblique section, NDGS well
1302,- 31-1-2--ft., Bottineau Co., Tilston interval (2.9-0.9).
Eoendothvranopsis spiroides (Zeller). Oblique section, NDGS
well 1024,7202 ft., Divide Co., Frobisher-Alida interval
(6.1-1.6).
15
Eoendothvranopsis spiroides (Zeller). Sagittal section, NDGS
well 263,8404 ft., Williams Co., Frobisher-Alida interval
(1.1-1.4).
16
Spinoendothyra paratumula (Skipp). Sagittal section, NDGS
well 263,8404 ft., Williams Co., Frobisher-Alida interval
(2.8-2.0).
17
18 Spinoendothyra spinosa spinosa (Chernysheva). Sagittal
section, NIX;S well 116,8585 ft., Williams Co., Frobisher-Alida
interval (2.6-1.2).
Spinoendothyra paratumula (Skipp). Sagittal section. NDGS
well 1024.7220 ft.. Divide Co.. Frobisher-Alida interval
(6.0-2.0).
19
Spinoendothyra paratumula (Skipp). Sagittal section, NDGS
well 1024,7214 ft., Divide Co., Frobisher-Alida interval
(6.0-3.5).
20
21 Endothlra tantala (D. Zeller). Sagittal section, NDGS well
263,8371 ft., Williams Co., Frobisher-Alida interval
(2.3-1.9).
22 Endothyra tantala (D. Zeller). Sagittal section, NDGS well
1065,9326 ft., McKenzie Co., Frobisher-Alida interval
(2.1-0.5).
Latiendothyra parakosvensis (Lipina). Axial view, NDGS well
274,3097 ft., Pierce Co., Bottineau interval (2.5-1.9).
23
24 Latiendothyra parakosvensis (Lipina). Sagittal view, NDGS
well 274,3097 ft., Pierce Co., Botineau interval (0.7-0.9).
25 Endothyra trachida (Zeller '. Sagittal section, NDGS well
4097,6077 ft., Ward Co., Frobisher-Alida interval (2.0-2.0)
26 Spinoendothyra spinosa spinosa (Chernysheva). Sagittal
section, NDGS well 1024, 7181 ft., Divide Co., Frobisher-Alida
interval (4.0-1.9).
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Endothyra tantala (D. Zeller). Oblique section, NIx;S well
263,8404 ft., Williams Co., Frobisher-Alida interval
(0.6-2.5).
27
28
?Septabrunsiina Lipina~ Axial section of small attached
foraminifer, NDGS well 1024, 7204 ft., Divide Co.,
Frobisher-Alida interval (5.0-2.7).
29
Spinoendothyr~ recta (Lipina). Sagittal section, NDGS well
1065,9326 ft., Hclenzie Co., Frobisher-Alida interval
(1.4-0.2).
3()
31 Spinoendothyra spinosa crassitheca Hamet. Oblique section
NDGS well 1065, 9209 ft., McKenzie Co., Frobisher-Alida
interval (2.9-0.9).
Endothyra baileyi (Hall). Oblique section, NDGS veIl 4097
6084 ft., Ward Co., Frobisher-Alida interval (3.5-2.0).
32
Endothyra ~ileYi (Hall). Oblique section, NOOS veIl 1024,
7167 ft., Divide Co., Frobisher-Alida interval (2.4-4.5).
33
SOinotournayella tumula (Zeller). Sagittal section with
proloculus, NDGS well 1024,7167 ft., Divide Co.,
Frobisher-Alida interval (5.9-3.5).
34
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NAME AND LOCATION OF WELLS USED IN THIS STUDY
The wells used in this study are listed alphabetically by county
and numerically by North Dakota Geological Survey (NDGS) well number
(far left column) within each county. Locations are based on the Land
Office Grid System. QQ stands for the first and second quarter of the
section and S-T-R stands for section, township, and range. In North
Dakota, all townships are north of the baseline and all ranges are
west of the principal meridian.
LOCATION
m .§:::£=!
~~_liMU ~o~
38 California Oil Co.-
Blanche Thompson #1 31-160-81SWSE
170 Lion Oil-
Skarpho12 2-163-77SESW
327 Calvert Drilling Co.--
Herman J. Bollinger '1 NESE 22-161-77
503 Calvert Drilling Co.--
Andrew Christianson #1 NESW 27-l.6~15
961 Lion Oi1-
Magnuson 11 NWNE 33-16~77
1302 Calvert-Williamson--
Hagboe #1 SFSE 18-163-76
1.431 Carter Oil and Phillips Petroleum
Co. -- Oscar Fossum # 1 NENE 31-162-81
3295 Skelly Oil Co.-
Louis Erickson #1 swsw 30-162-83
3944 Chandler and Associates Inc.--
Rallot #1 NESW 21-163-82
BOWMAN COUNTY
4654 Int. Nuclear Corp.-
John M. Susa ~ & #1-61 SWSE 30-130-102
BURKE CQQm
2158 Vern O. Lund-
Nordeen Gullickson swsw 8-161-91
2391 Vern O. Lund-
Nordeen Gullickson #2 SWNW 17-161-91
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Pan American Petroleum Co.
Dove II SWNW 12-161-94
Plaza Oil and Gas, L.T.D. Frontier-
V. J. Weinberger #1 SWSE 23-162-89
Chandler and Associates Inc.--
Wilson 12-33 33-164-90NWNE
DIVIDE COUNTY
Phillips and Ralph M. Ballard-
Braaten #1 NEW 29-162-95
Apache Oil Corp.-
Leslie Huwe ~ ..y.!. #1 4...162-95swsw
Cardinal Petroleum t Nat' 1 Bulk
Carriers--Lloyd Kittleson 11 swsw 35-16~lO3
~ COUNTY
Socony VacuUJD 011-
Angus Kennedy F32-2~ SWNE 24-149-93
Humble Oil and Refining Co.
Bell Thornley Clarke '1 NENW 17-145-91
k~~ COUNTY
Caroline Hunt Trust Estate--
R. M. Fuller 11 NWNE 6-136-73
Calvert, Leach Int'l, and Western-
C. A. Ziumerman #1 8-136-71NWSW
MCKENZIE COUNTY
41 Amerada Petroleum Corp.--
Kermit Halvorson #1 26-152-96NESE
78 Amerada Petroleum Corp.--
North Dakota "D" # 1 NENW 16-153-55
Gulf Oiol Corp.-
Bennie-Pierre Fed U NWSW 28-148-104
Amerada Petroleum Corp.--
Hawkeye-Mad U F 608 NWSW 20-152-95
Amerada Petroleum Corp.--
Ruby Siverton #1 NWNW 20-151-95
Amerada Petroleum Corp.-
D. A. Nelson T-l #1 swsw 5-.152-94
156
Texaco Inc.-
Mary Pace II SWNW 14-146-101
.MC~N CO~
22 Samedan Oil Corp.
Vaughn Hanson #1 SWNE 10-146-81
H. Hanson Oil Syndicate--
Ellen Samuelson '1 SESW 32-14Q.;..82
MORTON COUNTY
26 Phillips Carter Co.
Dakota 11 29-136-81NENW
Deep Rock Co.-
H. Johnson "A" 11 swsw 30-139-86
MOUNTRAIL COUNTY
Thompson Petroleum, Inc.--
Harstad.!!.!l 12 SWSE 10-155-91
fI~CE COUNTY
Phillips Petroleum Co.--
Olivia Saude #1 NWSE 19-158-74
3920 J. A. Hodges rnd
Alxe Martin #1 SFBE 23..-152-74
~ILLE COUNTY
SESE 34-163-85
Placid Oil Co.-
Celestine Vo1k 14 SENE 35-164-85
Miller Oil Co.-
Or dean C. Strand #1 NENW 32-162-85
Hunt Industries-
H. A. Brekhus 12 SESE 8-161-86
ROL~ COUNTY
Sun Oil Co.-
William Wayne HI SENE 20-162..;69
British American Oil Pro. Co.--
S. Grenier #1 swsw 18-161-70
157
Lion Oil Co.-
Peter P. Neslson ~ ~ #1 22-160-72NESE
SHERIDAN COUNTY
Caroline Hunt Trust #1--
John Waltz, Jr., #1 NENE 15-148-76
Caroline Hunt Trust Estate.
J. R. Matz II 1-147-75NENE
693 Caroline Hunt Trust &stat.
Walter E. Bauer #1 swsw 19-146-76
~ COUNTY
Petroleum Corp. of America--
rver Thingstad 11 3-160-87$WSW
Exploration Drilling Co.--
Mayme Crider '1 SENE 22-158-87
Cardinal Petroleum Co.
Cardinal-Baker #21-36
4097
36-160-88NENW
Depco Inc., Texas Pacific 01100.
St. Paul #1 24-155-86SENE
Depco Inc., Texas Pacific Oil Co.
Felt "A" 61 NWNW 30-155-85
5809
3-157-86
Getty Oil Co.-
Burton Graff..!! & 11 SENE
WELLS COUNTY
Calvert Drilling Co.--
Francis Zwinger 11 NENE 8-146-68
1384 Continental-
Board of Univ. School Lands #1 swsw 16-147-73
D. Bills-
Hove 11 N~E 10-148-13
WILLIANS COUNTY
44 Amerada Petroleum Corp.
Odegard 11 NENE 33-156-95
45 Amerada Petroleum Corp.
Josie Knudson II 36-156-96NENE
Amerada Petroleum Corp.
Peter [yam II SWNW 20-156-95
158
263 Amerada Petroleum Corp.-
Hjacmar ryeS A III swsw 24-158-95
3235
16-156-101
Sun Oil Co.-
State Lease II NWNW
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WEu..-LOO DATA
The well log data was obtained from SP and gamma-ray well logs.
The depths are in feet below the Kelly Bushing (K. B.) as read from
the well log. The well numbers are those of the North Dakota
Geological Survey and appears in the far left column. The
abreviations are as follows: (B) top of the Bottineau interval, (T)
top of the Tilston interval, (F-A) top of the Frobisher-Alida
interval, (R) top of the Ratcliffe interval, and (MC/C) the
formational boundary between the Mission Canyon and Charles
Formations. A dashed entry in any column denotes information not
available. The wells are arranged alphabetically by county and by
ascending NDGS well numbers within each county.
NOOS
WELL NO.
R
INT.
F-A
INT.
T
INT.
B
INT
Bottineau Countv
38
170
,327
503
916
1222
1302
143].
3295
4370
3062
3252
3400
4035
3938
3094
4114
4623
4658
3230
3426
3415
4225
4110
3248
4300
- -
--
3670
2595
--
--
- -
- -
3742
3628
- -
3800
4275
- -
4194
Bowman County
4654 1610 7818 7948
~ County
2158
2391
3510
3847
4958
5908
8824
6450
6500
7224
5590
6140
5663
6630
6700
7482
5740
6314
5450
5815
- -
7895
6781
--
6185
- -
6135
6400
Divide County
1024
2251
3456
9472
6825
5999
6518
6912
7070
6234
7167 7578
!.61
NOOS
WELL NO.
R
INT.
F-A
INT.
T
INT.
B
INT.
~ County
607
734
8813
8259
~40
8510
9658
~ County
590
1346
3254
2910
3415
3046
-~
.
..-
--
--
41
78
956
1065
1276
2172
2667
9192
10965
8869
9107
9261
8905
9129
8910
9394
9110
9194
9530
9178
8804
~-
- -
--
--
- -
9790
9724
9422
- -
95589154
McLean County
22
1516
5236 5371 5610
6068
5780
6240
Morton County
26
133
4890
6760
5014
6907
--
Pierce County
274
3920
2934
3223
3073
3363
- . --
--
Renville County
33
34
34
35
66,
4740 4915
4418
4030
4820
5312
Rollette County
.615
754
917
2463
2680
2605
--
--
--
--
- -
-,..
--
,
--
...~
68
89
96
35
84
162
NOOS
WELL NO.
R
INT.
F-A
INT.
T
INT.
B
INT
Sheridan County
665
684
693
3704
3486
4121
3837
3600
4225
4172
3948
4565
- -
~-
~ County
1628
1876
4097
8699
5430
6010
6258
5615
6180
5990
6435
- -
6845
-.
... ..
1211
1384
4096
2357
3600
3215
2422
3727
3360
- -
3293
2955
- -
3392
3032
Williams County
44
45
116
263
2583
3235
4379
8364
8100
7920
8150
8824
7999
8623
8472
8468
8290
8502
914~
8279
- -
8904
8690
- -
- -
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THIN-SECTION DESCRIPTIONS
This appendix contains the descriptions of the thin sections
used for this study. They are listed by interval, starting with the
Bottineau interval and, followed by the Tilston interval,
Frobisher-Alida interval, and the Ratcliffe interval, respectively.
Within each interval, the wells are listed alphabetically by county
and by ascending well numbers in each county. The number in the
left column is the depth in feet from which the thin section was
made. This is followed by a rock name. using the classification of
Dunham (1962), then the type of grains from most abundant to least
abundant, and then a list of the fossil organisms from most abundant
to least abundant, as found within that thin section.
Barr INEA U I NTER V AL
BottineauCountv NOOS 38
Peloidal mudstone: peloids, pseudopeloids, rare skeletal
grains; ostracodes, bryozoans, and echinoderms
Peloidal skeletal wackestone-packstone: skeletal grains,
peloids, intraclasts, areas of pressure solution;
echinoderms, bryozoans, brachiopods, ostracodes
Skeletal mudstone-packstone: skeletal grains, peloids,
silicification of matrix and grains; echinoderms, bryozoans,
brachiopods, ostracodes, gastropods
Peloidal skeletal mudstone-packstone: peloids, skeletal
grains, areas of silicification, burrows; bryozoans,
ostracodes, brachiopods, echinoderms
Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts, minor silicification; echinoderms, brachiopods,
gastropods, bryozoans
Mudstone: rare skeletal grains, minor dolomitization;
brachiopods, ostracodes
Skeletal peloidal wackestone-packstone: skeletal grains,
peloids, minor dolomitization; bryozoans, echinoderms,
ostracodes, brachiopods
Skeletal grainstone: skeletal grains, peloids, minor
silicification; echinoderms, ostracodes, brachiopods,
bryozoans
Mudstone: peloids, skeletal grains, areas of silicification;
brachiopods, echinoderms, ostracodes, gastropods
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Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts, silicification of grains; brachiopods,
echinoderms, bryozoans, ostracodes, gastropods
Peloidal packstone: peloids, skeletal grains;
bryozoans, echinoderms, brachiopods, mollusks
ostracodes,
.5021 Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts, geopetal structures; echinoderms, brachiopods,
bryozoans, ostracodes, mollusks
Skeletal wackestone: skeletal grains, peloids,
silicification of some grains; brachiopods, echinoderms
bryozoans, trilobites, coral
skeletal grains; echinoderms,Mudstone-skeletal wackestone:
ostracodes, bryozoans
5026 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, ostracodes, bryozoans, coral
Skeletal packstone-grainstone: skeletal grains, peloids,
silicification of grains; echinoderms, ostracodes,
brachiopods, bryozoans, coral
Peloidal packstone: peloids, skeletal grains;
echinoderms, bryozoans, brachiopods
ostracodes,
skeletal grains; brachiopods,Skeletal grainstone:
echinoderms, bryozoans
.5036 Skeletal peloidal packstone: skeletal grains, peloids,
silicification; echinoderms, brachiopods, ostracodes,
bryozoans
Skeletal packstone: skeletal grains, replacement anhydrite;
echinoderms, brachiopods, bryozoans
Skeletal packstone: skeletal grains, minor anhydrite
replacement; echinoderms, ostracodes, brachiopods, bryozoans
Skeletal packstone: skeletal grains, minor anhydrite
replacement; echinoderms, ostracodes, brachiopods, bryozoans
Skeletal packstone: skeletal grains, intraclasts;
echinoderms, brachiopods, coral, bryozoans
5O42B Dolomitized skeletal wackestone: skeletal grains, dolomite
matrix; coral, echinoderms, ostracodes, brachiopods
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Skeletal packstone-grainstone: skeletal grains, intraclasts,
peloids, anhydrite replacement of grains; bryozoans,
echinoderms, ostracodes, coral
~5 Skeletal grainstone-packstone: skeletal grains;
echinoderms, brachiopods, ostracodes
Skeletal packstone-grainstone:
brachiopods, echinoderms
skeletal grains;
Skeletal packstone-wackestone: peloids, skeletal grains;
echinoderms, ostracodes, mollusks, brachiopods, algae
_NOOS 607Dunn County
10483 Peloidal wackestone-mudstone:
bryozoans, echinoderms
peloids; ostracodes,
10484 quartz silt; bryozoans,Burrowed mudstone-wackestone:
echinoderms, ostracodes
10487 Laminated mudstone:
mollusks
rare skeletal grains; ostracodes
10488 Mudstone: rare skeletal grains; ostracodes, echinoderms
10490 Laminated mudstone: rare skeletal grains, 1-2mm silicified
zone; brachiopods, echinoderms, ostracodes
10493 Silicified mudstone: rare skeletal grains;
ostracodes, brachiopods
echinoderms,
10496 Silicified skeletal wackestone-packstone: skeletal grains
intraclasts, silicification of areas; echinoderms,
brachiopods, ostracodes, foraminifers
10497 Skeletal intraclastic wackestone: skeletal grains
intraclasts; echinoderms, brachiopods, ostracodes
10499 Skeletal mudstone-wackestone: skeletal grains;
echinoderms, brachiopods, bryozoans
ostracodes,
10502 Skeletal mudstone-wackestone: skeletal grains, siliceous
nodules and silicification of grains; echinoderms,
bryozoans, ostracodes, brachiopods
10504 Skeletal packstone-wackestone: skeletal grains, intraclasts;
echinoderms, ostracodes, brachiopods, bryozoans, gastropods,
coral, trilobites
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10507 Skeletal intraclastic wackestone: skeletal grains,
intraclasts, some silica replacement; echinoderms,
bryozoans, ostracodes
10508 Skeletal wackestone-mudstone: skeletal grains, intraclasts
echinoderms, brachiopods, ostracodes, gastropods
MOOS .2172McKenzie County
10090 Skeletal wackestone: skeletal grains, silicification;
echinoderms, bryozoans, brachiopods, ostracodes, trilobites
10092 Skeletal wackestone-grainstone: skeletal grains,
intraclasts; echinoderms, bryozoans, brachiopods
Burrowed skeletal wackestone: skeletal grains, silty;
bryozoans, echinoderms, ostracodes, brachiopods
10097 Skeletal wackestone:
echinoderms, mollusks
skeletal grains, burrows; bryozoans,
10098 Skeletal wackestone-packstone: skeletal grains, alternating
1-2 cm bands of wackestone and packstone fabrics
10104 Skeletal wackestone: skeletal grains, silty, veins of
silicification; bryozoans, echinoderms, brachiopods
10100 Grainstone-skeletal packstone: skeletal grains, quartz silt
sand; echinoderms, bryozoans, gastropods, ostracodes, coral
skeletal grains,Burrowed skeletal mudstone-wackestone:
silty, burrows; echinoderms
10114 Burrowed mudstone: skeletal grains, silty, distorted
burrows; echinoderms, bryozoans, ostracodes
Skeletal wackestone: skeletal grains, silt, silicification
of areas; echinoderms, bryozoans, ostracodes
10120 Silty mudstone-wackestone:
silicification of areas;
some skeletal grains,
echinoderms, bryozoans, ostracodes
10124 Mudstone-wackestone: skeletal grains, abundant silt
echinoderms, bryozoans, ostracodes, trilobites
10128 Skeletal wackestone: skeletal grains, some replacement
anhydrite; unidentified fossil fragments
10130 Skeletal mudstone-wackestone: skeletal grains, burrows;
mollusks, bryozoans, echinoderms
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10133 Burrowed mudstone: occasional skeletal grains, burrows;
ostracodes, bryozoans, echinoderms
10135 Laminated skeletal wackestone-mudstone:
echinoderms, bryozoans, ostracodes
skeletal grains;
10140 Burrowed mudstone:
ostracodes
occasional fossil grains, burrows;
.10141 Burrowed skeletal wackestone: skeletal grains, peloids,
burrows; ostracodes, bryozoans, echinoderms
10142 Skeletal wackestone-burrowed mudstone: skeletal grains,
flattened burrows; echinoderms, brachiopods, ostracodes,
bryozoans
NIX;S 274Pierce County
Skeletal packstone: skeletal grains, peloids, laminated;
echinoderms, brachiopods, trilobites, algae, ostracodes
Intraclastic peloidal skeletal packstone: intraclasts
peloids, skeletal grains; echinoderms, brachiopods,
trilobites, algae, foraminifers
Intraclastic skeletal packstone-wackestone: intraclasts,
skeletal grains, laminated; echinoderms, brachiopods, algae,
foraminifers
Burrowed mudstone: small intraclasts
Peloidal skeletal packstone: peloids, skeletal grains,
laminated; echinoderms, brachiopods, trilobites, ostracodes,
foraminifers
Intraclastic skeletal packstone: intraclasts, skeletal
grains; echinoderms, bryozoans, brachiopods, trilobites,
mollusks
Skeletal packstone: skeletal grains, peloids;
brachiopods, algae, coral
echinoderms,
Skeletal wackestone-mudstone: skeletal grains, silty
laminations; brachiopods, echinoderms
Peloidal skeletal packstone-wackestone: skeletal grains,
peloids; brachiopods, echinoderms, ostracodes, algae
Skeletal packstone: skeletal grains, peloids;
brachiopods, trilobites, algae, foraminifers
echinoderms
Skeletal packstone: skeletal grains, pe~oids, compacted;
echinoderms, brachiopods, algae
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3097 Oolitic grainstone: ooids, skeletal grains, concentric banded
ooids; foraminifers as ooid nucleii, algae
3098 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, mollusks, algae,
foraminifers
Skeletal packstone: skeletal grains, peloids,
silicification; brachiopods, echinoderms, ostracodes
bryozoans
Skeletal wackestone: skeletal grains, laminated;
brachiopods, echinoderms, trilobites, algae
3103 Intraclastic packstone-wackestone: intraclasts, skeletal
grains, dolomitic; bryozoans, echinoderms, brachiopods
Skeletal wackestone-mudstone: skeletal grains;
brachiopods, trilobites, bryozoans, ostracodes
echinoderms,
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts; echinoderms, brachiopods, mollusks,
algae, foraminifers
3116 Peloidal skeletal grainstone: peloids, skeletal grains;
echinoderms, brachiopods, trilobites, mollusks, foraminifers
algae
3118 Peloidal skeletal packstone: peloids, skeletal grains,
laminations; echinoderms, brachiopods, trilobites, algae
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains, intraclasts; echinoderms, brachiopods, trilobites,
algae, foraminifers
Intraclastic skeletal peloidal grainstone: intraclasts,
skeletal grains, peloids, partial silicification;
echinoderms, brachiopods, trilobites, algae
Peloidal skeletal packstone: peloids, skeletal grains, minor
dolomite; echinoderms, brachiopods, trilobites, ostracodes,algae, foraminifers .
Peloidal skeletal packstone: peloids, skeletal grains,
rounded grains; echinoderms, brachiopods, trilobites, algae
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, algae, foraminifers
Laminated silty mudstone: very rare skeletal grains, silty,
dolomite rhombs, laminations; echinoderms, brachiopods,
ostracodes
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Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, bryozoans, trilobites,
foraminifers
Intraclastic skeletal peloidal packstone: intraclasts,
skeletal grains, peloids, minor silicification; bryozoans
echinoderms, brachiopods, algae, foraminifers
3148 Intraclastic skeletal wackestone-packstone: intraclasts,
skeletal grains; echinoderms, brachiopods, ostracodes, algae
Skeletal intraclastic packstone: skeletal grains, peloids;
echinoderms, brachiopods, trilobites, algae
Skeletal packstone and peloidal mudstone-wackestone:
skeletal grains, peloids; echinoderms, brachiopods,
ostracodes, algae
3156 Peloidal mudstone and skeletal wackestone: skeletal grains,
peloids, some dolomite rhumbs; echinoderms, brachiopods,
bryozoans
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains; echinoderms, brachiopods, ostracodes, bryozoans,
algae
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, ostracodes, trilobites,
algae
Laminated peloidal packstone: peloids, rare skeletal grains,
laminations; brachiopods, echinoderms, trilobites, algae
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts; echinoderms, brachiopods, mollusks,
algae
Peloidal skeletal packstone: peloids, skeletal grains,
lamination; echinoderms, brachiopods, trilobites, algae
Peloidal packstone: peloids, rare skeletal grains,
lamination; echinoderms, ostracodes, trilobites
Peloidal intraclastic skeletal packstone-grainstone:
peloids, intraclasts, skeletal grains; echinoderms,
brachiopods, trilobites, ostracodes, algae
Mudstone: very rare skeletal grains;
ostracodes, algae
echinoderms
Peloidal skeletal packstone: peloids, skeletal grains;
brachiopods, echinoderms, ostracodes, trilobites, algae
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3198A Laminated peloidal skeletal packstone: peloids, skeletal
grains, lamination; echinoderms, brachiopods, ostracodes,
trilobites, algae
3198B Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; brachiopods, echinoderms, ostracodes, trilobites,
algae
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, algae, trilobites
3204 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains, dolomitic crust; echinoderms, brachiopods,
trilobites, algae, foraminifers
Dolomitic mudstone: dolomitic rhombs, dolomitic matrix
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains; echinoderms, brachiopods, ostracodes, trilobites,
algae
Peloidal skeletal packstone: peloids, skeletal grains;
brachiopods, trilobites, echinoderms, algae, ostracodes
3210 Mudstone and skeletal packstone: skeletal grains, peloids;
echinoderms, brachiopods, mollusks, algae
Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts; brachiopods, echinoderms, algae
Skeletal mudstone: skeletal grains, peloids, silt, some
dolomite; algae, brachiopods
Skeletal peloidal packstone: skeletal grains, peloids,
silty; algae, echinoderms, brachiopods, mollusks, ostracodes
3230 Intraclastic grainstone: intraclasts, peloids, skeletal
grains; echinoderms, brachiopods, trilobites, algae,
bryozoans
Laminated peloidal skeletal packstone:
grains, laminations; ostracodes
peloids, skeletal
Skeletal packstone-grainstone: peloids, skeletal grains;
echinoderms, brachiopods, trilobites, algae, ostracodes
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, mollusks, brachiopods, bryozoans, algae
3243 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, trilobites, algae
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Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts; echinoderms, bryozoans, algae, ostracodes,
calcispheres
Peloidal skeletal packstone: peloids, skeletal fragments,
intraclasts; echinoderms, brachiopods, mollusks, trilobites,
algae
Silicified skeletal wackestone:
silicification
skeletal grains, total
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, bryozoans, ostracodes,
foraminifers, trilobites
Peloidal skeletal packstone-grainstone: Peloids, skeletal
grains; echinoderms, ostracodes, trilobites, brachiopods,
algae
3254 Peloidal skeletal packstone: peloids, skeletal grains.
intraclasts; echinoderms, brachiopods, mollusks, ostracodes,
algae, bryozoans, trilobites
3255 peloids, brokenLaminated peloidal packstone-grainstone:
skeletal grains, lamination; echinoderms
Peloidal skeletal grainstone: peloids, skeletal grains.
intraclasts; echinoderms, algae
3261A Skeletal wackestone:
echinoderms
skeletal grains, peloids, sand;
3261B Skeletal wackestone: skeletal grains, sand, dolomite rhombs,
silicification, lamination; brachiopods
Peloidal skeletal grainstone: peloids, skeletal grains,
intraclasts; echinoderms, brachiopods, mollusks, trilobites,
algae
Peloidal packstone: peloids, rare skeletal grains;
echinoderms, trilobites, ostracodes, algae
Peloidal packstone: uniform size peloids; ostracodes
Skeletal mudstone-wackestone: skeletal grains, sand grains;
brachiopods, bryozoans, echinoderms,. trilobites
3271A Peloidal skeletal grainstone-packstone: peloids, skeletal
grains; brachiopods, echinoderms, bryozoans, algae,
foraminifers
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32718 Skeletal intraclastic packstone: skeletal grains.
intraclasts; brachiopods. echinoderms. trilobites. mollusks.
algae
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains; brachiopods, echinoderms, bryozoans, mollusks,
algae, foraminifers
Peloidal skeletal grainstone: peloids, skeletal grains,
intraclasts, geopetal structures; brachiopods, echinoderms
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains, minor dolomitization; brachiopods, echinoderms,
bryozoans, algae, foraminifers
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains, silicification; brachiopods, echinoderms, mollusks,
foraminifers, bryozoans
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains, intraclasts; brachiopods, echinoderms, ostracodes,
gastropods, algae, foraminifers
3279 Peloidal skeletal grainstone: peloids, skeletal grains;
brachiopods, echinoderms, coral, algae, foraminifers
peloids, skeletal grainsPeloidal skeletal packstone:
peloids, skeletal grains;Peloidal skeletal grainstone:
brachiopods, echinoderms, algae
Burrowed peloidal packstone: peloids, skeletal grains;
brachiopods, echinoderms, gastropods, algae, foraminifers,
calcispheres
3290 Peloidal packstone: peloids, skeletal grains, some dolomite;
brachiopods, echinoderms, algae, foraminifers
Skeletal packstone: skeletal grains, peloids;
echinoderms, bryozoans, algae
brachiopods,
Skeletal packstone: skeletal grains, intraclasts, peloids,
silicification; brachiopods, echinodenns, bryozoans,
ostracodes, foraminifers, algae
Skeletal packstone: skeletal grains, peloids;
brachiopods, bryozoans, foraminifers
echinoderms.
Skeletal packstone: skeletal grains, peloids;
brachiopods, ostracodes, bryozoans, foraminifers
echinoderms,
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Skeletal peloidal packstone: skeletal grains, peloids,
silicification; echinoderms, brachiopods, bryozoans,
ostracodes
echinoderms,Skeletal packstone: skeletal grains. peloids;
brachiopods. bryozoans. foraminifers
Peloidal skeletal packstone: Peloids, skeletal grains,
silicification, burrows; brachiopods, echinoderms, mollusks
foraminifers
intraclasts, skeletal
echinoderms, bryozoans
Intraclastic skeletal grainstone:
grains, peloids, silicification;
foraminifers
Skeletal intraclastic packstone: skeletal grains,
intraclasts, peloids, silicification; echinoderms, coral,
bryozoans, algae, foraminifers
Skeletal grainstone: skeletal grains, peloids;
brachiopods, bryozoans, algae, foraminifers
echinoderms
Skeletal packstone-wackestone: skeletal grains;
echinoderms, bryozoans, brachiopods, foraminifers, algae
echinodermsSkeletal grainstone: skeletal grains, peloids;
bryozoans, foraminifers
Skeletal grainstone: skeletal grains, ooids, peloids;
bryozoans, echinoderms, brachiopods, coral, foraminifers
Skeletal packstone: skeletal grains, ooids, intraclasts;
echinoderms, bryozoans, mollusks, brachiopods, foraminifers
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, bryozoans, ostracodes, foraminifers
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, bryozoans, ostracodes, algae
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, bryozoans, ostracodes, algae,
foraminifers
Skeletal intraclastic grainstone: skeletal grains,
intraclasts; echinoderms, foraminifers, bryozoans
3318
Oolitic skeletal grainstone: ooids, skeletal grains;
foraminifers, echinoderms, brachiopods, ostracodes
3321A Oolitic, peloidal skeletal grainstone: ooids, peloids,
intraclasts; echinoderms, bryozoans, foraminifers, mollusks
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33218 Oolitic intraclastic skeletal grainstone: ooids,
intraclasts, skeletal grains; echinoderms, bryozoans,
foraminifers, brachiopods, ostracodes
Oolitic skeletal grainstone: ooids, skeletal grains;
echinoderms, brachiopods, foraminifers, bryozoans, skeletal
grains are ooid nucleii
Oolitic skeletal grainstone: ooids, skeletal grains,
intraclasts; bryozoans, echinoderms, algae, brachiopods,
foraminifers
Skeletal grainstone: skeletal grains, peloids, intraclasts;
bryozoans, echinoderms, coral, foraminifers
Skeletal grainstone: skeletal grains. ooids. intraclasts;
echinoderms. bryozoans, mollusks. foraminifers. brachiopods
Oolitic peloidal skeletal grainstone: ooids, peloids,
skeletal grains, intraclasts; echinoderms, bryozoans,
brachiopods, ostracodes, foraminifers
Skeletal peloidal grainstone: skeletal grains, peloids,
intraclasts; coral, bryozoans, echinoderms, ostracodes,
brachiopods, foraminifers
Oolitic peloidal skeletal grainstone: ooids, peloids,
skeletal grains, intraclasts; echinoderms, brachiopods,
gastropods, foraminifers
3339 Oolitic peloidal skeletal grainstone: ooids, peloids,
skeletal grains; echinoderms, bryozoans, foraminifers
3341A Oolitic peloidal skeletal grainstone: ooids, peloids,
skeletal grains; echinoderms, brachiopods, algae,
foraminifers
3341B Laminated mudstone and skeletal packstone: skeletal grains,
large silicification, lamination; echinoderms, bryozoans,
brachiopods, ostracodes
Peloidal skeletal grainstone: peloids, skeletal grains,
slightly burrowed; echinoderms, brachiopods, ostracodes,
bryozoans
NOOS 615Rolette County
2470 Silty mudstone:
brachiopods
Peloids, rare skeletal grains; rare
Peloidal mudstone: peloids, rare skeletal grains; ostracodes
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2473 Silty mudstone:
bryozoans
silt, rare skeletal grains; brachiopods,
Burrowed mudstone-wackestone: skeletal grains, clay seams
and burrows; brachiopods, echinoderms
Skeletal wackestone-mudstone: skeletal grains, sand and
silt, chert nodules, silicification; echinoderms,
brachiopods, coral, bryozoans
2478B Mudstone:
ostracodes
fragmented skeletal grains, silt, silicification;
Mudstone: silt, rare skeletal grains, silicification;
echinoderms, ostracodes
Mudstone:
brachiopods
rare skeletal grains, silt, silicification;
Skeletal mudstone-wackestone: skeletal grains, chert
nodules; unidentified skeletal grains
Skeletal packstone: skeletal grains, chert nodules;
brachiopods, echinoderms, bryozoans, ostracodes, algae
coral
Skeletal peloidal packstone-wackestone: skeletal grains,
peloids; mollusks, foraminifers, echinoderms, bryozoans
Skeletal wackestone: chert nodules, small skeletal grains,
silicification; echinoderms, ostracodes, brachiopods
2490 Silicified mudstone: chert nodules, occasional skeletal
grains; bryozoans, brachiopods
Mudstone: occasional skeletal grains, silt, anhydrite
fracture fill; ostracodes, echinoderms, brachiopods
Skeletal packstone: skeletal grains, chert nodules,
silicification; echinoderms, bryozoans, brachiopods,
ostracodes
Skeletal mudstone-wackestone:
bryozoans, brachiopods
skeletal grains; echinoderms,
2509 Skeletal wackestone-mudstone: skeletal grains, pods of silt
and skeletal grains; echinoderms, bryozoans, brachiopods,
ostracodes
2512 Skeletal packstone: chert nodules, skeletal grains,
silicification; echinoderms, brachiopods
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Silicified skeletal packstone-wackestone: skeletal grains
chert nodules. silicification; echinoderms, brachiopods,
mollusks, ostracodes
2515
2517 Silty skeletal wackestone: skeletal grains, intraclasts
silt; echinoderms, ostracodes
Intraclast1c skeletal packstone-wackestone: intraclasts,
skeletal grains, burrows; coral, echinoderms, bryozoans
Skeletal wackestone: skeletal grains, silt, anhydrite
fracture fill; brachiopods
2524 Skeletal mudstone-wackestone: skeletal grains. silt. chert
nodules. silicification; echinoderms. mollusks
Skeletal wackestone-mudstone: skeletal grains, silt, clay;
bryozoans, echinoderms, ostracodes, trilobites, brachiopods
Silty mudstone: very rare skeletal grains, silt, burrows
echinoderms, trilobites, brachiopods
Skeletal mudstone-wackestone: chert nodules, skeletal
grains, silt; echinoderms, ostracodes, trilobites
Mudstone: silt, silicification
chert nodules, rare skeletal grains; algae,Mudstone:
mollusks
Silty mudstone: rare skeletal grains. silt. laminations;
bryozoans. ostracodes
Mudstone: silt, chert nodules, skeletal grains,
silicification; trilobites, echinoderms
Skeletal mudstone-wackestone: skeletal grains, silt, chert
nodules; bryozoans, mollusks, echinoderms, ostracodes
Skeletal wackestone: skeletal grains, silt;
echinoderms, brachiopods, ostracodes
bryozoans,
peloids, chert nodules2548A Peloidal mudstone:
Silty skeletal mudstone-wackestone: skeletal grains, silt,
laminations; echinoderms, brachiopods, ostracodes t bryozoans
2548B
Skeletal mudstone-wackestone: skeletal grains,
silicification; bryozoans, echinoderms, brachiopods,
ostracodes.
rare skeletal grains; ostracodesMudstone:
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Laminated mudstone: rare skeletal grains, silt, laminations;
bryozoans, echinoderms, brachiopods, ostracodes
2554 Mudstone: chert nodules. oxidized areas
2554B Silty mudstone: skeletal grains, silt, minor silicification;
bryozoans, brachiopods
2558 Laminated mudstone:
laminations, burrows;
rare skeletal grains, chert nodules
echinoderms, bryozoans
Burrowed silty mudstone:
echinoderms, bryozoans
skeletal grains, silt;
2562 Silty mudstone: occasional skeletal grains. silt;
brachiopods. ostracodes. bryozoans
2567 Burrowed mudstone: very rare skeletal grains
silicification; brachiopods. bryozoans
Mudstone: chert nodules, silicification
Burrowed skeletal wackestone:
intraclasts, flattened burrows;
trilobites, ostracodes
skeletal grains, silt,
echinoderms, brachiopods,
2575A Intraclastic packstone: intraclasts, skeletal grains, chert
nodules, silt, silicification; coral, echinoderms
2575B Mudstone: silt, skeletal grains, burrows, anhydrite
Skeletal wackestone: skeletal grains, silty;
brachiopods, bryozoans, ostracodes, mollusks
echinoderms,
Skeletal packstone: skeletal grains, silty;
brachiopods, bryozoans
echinoderms,
Burrowed mudstone-wackestone: skeletal grains, chert
nodules; echinoderms, brachiopods, bryozoans
Burrowed mudstone:
echinoderms
rare skeletal grains; ostracodes,
Skeletal mudstone-packstone:
nodules; bryozoans, mollusks
skeletal grains. silty. chert
Skeleta! mudstone-wackestone: skeletal grains, silty;
echinoderms, bryozoans, coral, mollusks
Skeletal wackestone: skeletal grains, silty, large chert
nodules; echinoderms, brachiopods, bryozoans
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skeletal grains, very silty, burrows;Mudstone-wackestone:
echinoderms, bryozoans
Skeletal mudstone-wackestone: skeletal grains, burrows;
echinoderms, bryozoans, brachiopods, trilobite
Skeletal mudstone-wackestone: skeletal grains, chert
nodules; echinoderms, bryozoans, mollusks, ostracodes
Skeletal mudstone-wackestone: skeletal grains;
echinoderms, brachiopods, trilobites
bryozoans,
Skeletal mudstone: skeletal grains, pyrite;
trilobites, echinoderms, ostracodes
bryozoans,
Skeletal mudstone-wackestone: skeletal grains, pyrite;
bryozoans, ostracodes, echinoderms
Skeletal mudstone-wackestone:
echinoderms
skeletal grains; bryozoans,
Burrowed skeletal mudstone-wackestone: skeletal grains,
chert nodules, burrows; bryozoans, echinoderms, ostracodes,
brachiopods
2599B skeletal grains
echinoderms,
Burrowed skeletal mudstone-wackestone:
small chert nodules, flattened burrows;
bryozoans, os~racodes
Skeletal wackestone:
flattened burrows;
skeletal grains, chert nodules,
bryozoans, echinoderms, ostracodes
Skeletal mudstone-wackestone: skeletal grains, chert
nodules, silicification; bryozoans, ostracodes
260SB Skeletal wackestone: skeletal grains, silicification;
mollusks, brachiopods, bryozoans, echinoderms, ostracodes
Skeletal packstone-wackestone: skeletal grains, intraclasts,
glauconite; echinoderms, brachiopods, bryozoans, trilobites,
ostracodes
Skeletal wackestone-packstone: skeletal grains, chert
nodules, silicification; echinoderms, bryozoans, ostracodes
Skeletal wackestone: skeletal grains, intraclasts;
echinoderms, brachiopods, bryozoans, ostracodes, trilobites
mollusks
2611B Skeletal wackestone: skeletal grains, glauconite, minor
silicification; echinoderms, brachiopods, gastropods,
bryozoans
ISO
Skeletal wackestone: skeletal grains, chert nodules;
echinoderms, brachiopods, mollusks, ostracodes, bryozoans
Skeletal wackestone: skeletal grains, intraclasts, .
glauconite; echinoderms, brachiopods, bryozoans, ostracodes
Skeletal wackestone: skeletal grains, glauconite;
echinoderms, bryozoans, brachiopods, ostracodes
Skeletal packstone-wackestone: skeletal grains,
silicification; echinoderms, brachiopods, bryozoans, coral
ostracodes
Skeletal mudstone-wackestone: skeletal grains, chert
nodules, silicification; echinoderms, ostracodes
Skeletal mudstone-wackestone: skeletal grains, chert
nodules, silicification; unidentifiable skeletal fragments
skeletal grains, burrowsSkeletal mudstone-wackestone:
ostracodes
NDGS 754Rolette County
2680 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains, silicification of grains; echinoderms
Skeletal wackestone-packstone:
silica replacement, very silty;
coral
skeletal grains, intraclasts
echinoderms, brachiopods,
Skeletal peloidal wackestone-packstone:
peloids, intraclasts; echinoderms
skeletal grains,
Skeletal peloidal mudstone-wackestone: skeletal grains,
intraclasts, peloids, burrowed, silicified; echinoderms,
brachiopods
Skeletal peloidal mudstone-wackestone: skeletal grains,
peloids, quartz silt, silicified; brachiopods, echinoderms
Skeletal peloidal packstone-wackestone: skeletal grains,
peloids, silicified; echinoderms, brachiopods
2701 Peloidal mudstone-wackestone:
brachiopods, echinoderms
peloids, skeletal grains;
Peloidal wackestone-packstone:
silty, silicification
skeletal grains, peloids,
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2708 Skeletal wackestone: skeletal grains, silt, peloids;
echinoderms, brachiopods, mollusks
NIx;S 917Rolette Count!
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, trilobites, algae,
foraminifers
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, trilobites, algae,
foraminifers
Mudstone: very small skeletal grains, silt, vertical
anhydrite seam
Peloidal packstone:
brachiopods
peloids, skeletal grains; echinoderms,
Peloidal skeletal packstone:
brachiopods. echinoderms
peloids, skeletal grains;
2637 Peloidal skeletal grainstone: peloids, skeletal grains;
echinoderms, brachiopods, trilobites
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, ostracodes, algae, brachiopods,
foraminifers
Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, mollusks, trilobites, bryozoans
2650 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, foraminifers
peloids, rare skeletalPeloidal wackestone-packstone:
grains; ostracodes
Skeletal packstone: skeletal grains, intraclasts, peloids,
silicification; echinoderms, brachiopods, trilobites,
ostracodes
Intraclastic skeletal grainstone: intraclasts, skeletal
grains; echinoderms, brachiopods, foraminifers, algae
Skeletal grainstone: skeletal grains, peloids;
brachiopods, trilobites, ostracodes
echinoderms,
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, calcispheres
Skeletal packstone: skeletal grains;
brachiopods, bryozoans, algae
echinoderms,
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2687 Skeletal packstone: skeletal grains;
ostracodes, brachiopods
echinoderms,
Oolitic packstone-grainstone: Ooids~ skeletal grains;
echinoderms~ algae~ foraminifers
2697 Skeletal packstone: skeletal grains, coated grains,
intraclasts; echinoderms, brachiopods, trilobites, algae
small abradedPeloidal packstone:
grains
peloids, skeletal grains;
echinodermsSkeletal packstone: skeletal grains, peloids;
trilobites, ostracodes, algae, brachiopods
Mudstone: microstylolitic swarms. laminations
Silicified mudstone:
echinoderms
skeletal grains, silicification;
Skeletal wackestone-packstone: skeletal grains, silty;
echinoderms, brachiopods, trilobites
Skeletal packstone: skeletal grains;
brachiopods, ostracodes
echinoderms,
2790 Skeletal grainstone: skeletal grains; echinoderms,
trilobites, brachiopods, bryozoans, algae
echinoderms,Skeletal packstone: skeletal grains;
brachiopods, trilobites
Skeletal peloidal packstone-grainstone: skeletal grains,
peloids; echinoderms, brachiopods, coral, foraminifers
Skeletal packstone: skeletal grains, intraclasts;
echinoderms, coral, brachiopods, ostracodes, foraminifers,
algae
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; brachiopods, echinoderms, foraminifers
skeletal grains, burrows; echinoderms,Skeletal packstone:
brachiopods
Skeletal grainstone: skeletal grains, intraclasts, peloids;
echinoderms, brachiopods, trilobites, bryozoans, mollusks,
algae
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TILSTON INTERVAL
NJx;S 38Bottlneau County
Oc)litic packstone: ooids, some dolomite
4400 Peloidal mudstone: peloids; ostracodes
Skeletal oolitic packstone: skeletal grains, intraclasts
ooids, dolomite; echinoderms, foraminifers
Oolitic intraclastic skeletal packstone: ooids, intraclasts,
skeletal grains, micrite envelopes; echinoderms, ostracodes
Oolitic intraclastic skeletal grainstone: ooids,
intraclasts, skeletal grains, micrite envelopes;
echinoderms, ostracodes, brachiopods
ooids,
echinoderms
Oolitic intraclastic grainstone-packstone:
intraclasts, skeletal grains, dolomitic;
Skeletal wackestone: skeletal grains, dolomitic, anhydritic;
echinoderms, ostracodes
4428.5 Skeletal packstone: skeletal grains;
ostracodes, calcispheres
echinoderms,
echinodermsskeletal grains;Skeletal packstone:
ostracodes
peloids, skeletalPeloidal skeletal wackestone-packstone:
grains; ostracodes
skeletal grains; ostracodesSkeletal wackestone:
4450.5 plucked ooids, dolomitic,Oolitic skeletal packstone:
anhydritic; echinoderms
Skeletal wackestone: skeletal grains, dolomitic, anhydritic;
echinoderms, brachiopods
4453.5 Mudstone:
echinoderms
rare skeletal grains, dolomitic, anhydritic;
4457 Mudstone: dolomitic, anhydritic
Mudstone: rare skeletal grains, dolomitic, anhydritic
Skeletal mudstone-wackestone: skeletal grains, ooids
dolomitic, silicification; echinoderms
4466 Mudstone: dolomitic; ostracodes
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Skeletal mudstone-wackestone: rare skeletal grains.
dolomitic. anhydritic; echinoderms
skeletal grains, dolomiticSkeletal wackestone-packstone:
echinoderms, brachiopods
echinodermsSkeletal wackestone: rare skeletal grains;
Skeletal wackestone-mudstone: rare skeletal grains
dolomitic, anhydritic; echinoderms
Skeletal wackestone-mudstone: skeletal grains, dolomitic;
brachiopods, echinoderms, ostracodes
4492A brachiopods,Skeletal mudstone-wackestone:
echinoderms
skeletal grains;
4492B Mudstone: microstylolitic pressure solution
4493 Skeletal wackestone-mudstone: skeletal grains, dolomitic;
brachiopods, echinoderms, ostracodes
4496.5 Skeletal packstone: skeletal grains, slightly dolomitic;
echinoderms, ostracodes, brachiopods
4497 Skeletal packstone: skeletal grains, dolomitic, anhydritic;
echinoderms, brachiopods
Skeletal packstone-wackestone: rare skeletal grains,
dolomitic, anhydritic; ostracodes, brachiopods, echinoderms
Skeletal packstone: skeletal grains, dolomitic
brachiopods, echinoderms
4509 Mudstone: dolomitic, anhydritic
4512 Mudstone: dolomitic, anhydritic
4513 Mudstone: dolomitic
4515 Mudstone: dolomitic, anhydritic
4519.5 Skeletal packstone: skeletal grains, dolomitic;
echinoderms, brachiopods, coral
4520 skeletal grains, dolomitic;Skeletal packstone:
echinoderms, algae
4523 skeletal grains; echinoderms, coralSkeletal grainstone:
Skeletal packstone: skeletal grains, dolomitic;
echinoderms, brachiopods, algae, calcispheres
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Skeletal packstone-wackestone:
brachiopods, echinoderms, coral
skeletal grains, dolomitic;
Skeletal wackestone-packstone: skeletal grains, dolomitic
brachiopods, ostracodes, echinoderms, algae
4539 skeletal grains, dolomitic;Skeletal packstone-wackestone:
echinoderms
4540 Skeletal wackestone-packstone: skeletal grains, dolomitic;
echinoderms, calcispheres, brachiopods
Skeletal packstone: skeletal grains, dolomitic;
echinoderms, calcispheres, coral, brachiopods
Peloidal skeletal mudstone-wackestone: peloids, skeletal
grains, dolomitic; mollusks, ostracodes, echinoderms
Skeletal packstone: skeletal grains;
brachiopods, foraminifers
echinoderms
Skeletal peloidal packstone-wackestone: skeletal grains,
peloids, dolomitic; corals, foraminifers, ostracodes
Skeletal grainstone: skeletal grains, intraclasts;
echinoderms, brachiopods, foraminifers, corals
Skeletal packstone-wackestone:
echinoderms
skeletal grains, dolomitic;
Skeletal packstone-grainstone: skeletal grains;
foraminifers, echinoderms, algae, brachiopods, mollusks
Dolomitic mudstone-wackestone: skeletal grains, laminations;
brachiopods, echinoderms, ostracodes
Mudstone: rare skeletal grains; echinoderms
Mudstone: rare skeletal grains; echinoderms
Skeletal wackestone-mudstone:
brachiopods, echinoderms
skeletal grains, dolomitic;
4577.5 Skeletal grainstone: skeletal grains;
foraminifers, corals, brachiopods
echinoderms,
Skeletal peloidal packstone: skeletal grains, peloids;
corals, foraminifers, echinoderms
4582 Peloidal skeletal packstone-grainstone: skeletal grains,
intraclasts; echinoderms, brachiopods, foraminifers, corals,
mollusks
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echinodermsSkeletal packstone: skeletal grains;
brachiopods, algae, calcispheres
4589 skeletal grains,Skeletal wackestone-packestone:
laminations; echinoderms, algae
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, algae, brachiopods, foraminifers
4592.5 Skeletal packstone: skeletal grains;
calcispheres, foraminifers
echinoderms, algae,
4594 Skeletal packstone:
calcispheres
skeletal grains; echinoderms, algae,
4597 Intraclastic skeletal grainstone: intraclasts, skeletal
grains; echinoderms, brachiopods, foraminifers
4602 Skeletal packstone: skeletal grains;
brachiopods, calcispheres
echinoderms, algae,
echinoderms,Skeletal packstone: skeletal grains;
brachiopods, coral, algae, calcispheres
4606 Skeletal packstone: skeletal grains, intraclasts;
echinoderms, algae, coral, brachiopods, foraminifers,
calcispheres
4607 Skeletal intraclastic packstone: skeletal grains, large
intraclasts; echinoderms, coral, brachiopods, algae,
foraminifers
4607.5 Skeletal intraclastic packstone-grainstone: skeletal grains
intraclasts. peloids; coral. echinoderms. brachiopods.
trilobites. foraminifers. algae
Skeletal packstone: skeletal grains, intraclasts;
echinoderms, algae, brachiopods, ostracodes
4610 Skeletal peloidal packstone: skeletal grains, peloids;
algae, echinoderms, calcispheres
4610.5 Peloidal skeletal packstone: peloids, skeletal grains;
coral, brachiopods, echinoderms, foraminifers, algae,
ostracodes
Skeletal wackestone: skeletal grains;
brachiopods, ostracodes
echinoderms,
4613 Skeletal peloidal packstone: skeletal grains, peloids, small
intraclasts; echinoderms, algae, foraminifers
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4614 Intraclastic skeletal grainstone: intraclasts, skeletal
grains; echinoderms, brachiopods, foraminifers, algae
4615 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, foraminifers
Skeletal peloidal packstone:
foraminifers, echinoderms
skeletal grains, peloids;
Skeletal intraclastic peloidal packstone: skeletal grains,
intraclasts, peloids; echinoderms, foraminifers,
brachiopods, algae
Skeletal intraclastic packstone: skeletal grains,
intraclasts, dolomitic; echinoderms
4625 Skeletal intraclastic packstone: skeletal grains,
intraclasts, peloids, interbedded packstone and grainstone;
brachiopods, foraminifers, echinoderms, coral
3073 laminationsMudstone:
Mudstone: brachiopods, ostracodesrare skeletal grains;
Intraclastic skeletal packstone: intraclasts, skeletal
grains, peloids; echinoderms, ostracodes, foraminifers
3O89A Peloidal intraclastic skeletal grainstone: peloids, ooids,
intraclasts, skeletal grains, repl~cive anhydrite;
foraminifers, algae
3089B Peloidal oolitic grainstone: peloids, ooids, skeletal
grains; foraminifers, echinoderms, calcispheres
3090 Intraclastic skeletal peloidal packstone: intraclasts,
skeletal grains, peloids; echinoderms, mollusks,
foraminifers
Mudstone: rare skeletal grains, anhydritic;
calcispheres
ostracodes,
3099 Mudstone: rare skeletal grains, intraclasts;
brachiopods, ostracodes . calcispheres,
ooidsOolitic packstone:
Mudstone: ooids, laminations, burrowed; calcispheres
Oolitic grainstone: ooids, graded beds of ooids
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ooids, anhydritic;Oolitic packstone-grainstone:
foraminifers
Oolitic grainstone: ooids, intraclasts
peloids, ooids, laminations;Peloidal, oolitic grainstone:
brachiopods, ostracodes
Mudstone: rare skeletal grains, silt, laminations;
brachiopods, ostracodes
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, mollusks, algae, foraminifers
Peloidal skeletal grainstone: peloids, skeletal grains;
echinoderms, algae, brachiopods, foraminifers
Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains; echinoderms, brachiopods,
calcispheres
Intraclastic skeletal packstone-grainstone: intraclasts,
skeletal grains; echinoderms, brachiopods, algae,
foraminifers
3160-70 Skeletal oolitic grainstone-packstone: skeletal grains,
ooids; echinoderms, algae, foraminifers, brachiopods
peloids, skeletal grains;3200-10 Skeletal peloidal packstone:
echinoderms, algae
3220-30 Skeletal wackestone to mudstone: skeletal grains,
laminations; echinoderms, brachiopods, algae
NDGS 327Bottineau County
3280-85 Mudstone: anhydritic
Mudstone: peloids
ooids, coated grains; foraminifers as3290-95 Oolitic grainstone:
ooid cores
3350-55 Intraclastic packstone:
siliceous
intraclasts, skeletal grains,
NDGS 327Bottineau County
3400-05 Skeletal packstone: skeletal grains, intraclasts, peloids;
echinoderms, brachiopods, algae
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3400-05 Skeletal wackestone-mudstone: rare skeletal grains,
silicification; echinoderms, brachiopods, algae
3400-05 Skeletal intraclastic packstone: skeletal grains,
intraclasts; echinoderms, brachiopods, algae
skeletal grains, peloids;3405-10 Skeletal peloidal wackestone:
echinoderms
3405-10 Mudstone: silicification, laminations
3405-10 Skeletal peloidal intraclastic grainstone: skeletal grains,
peloids, intraclasts; echinoderms, brachiopods, trilobites,
algae
3405-10 Peloidal skeletal grainstone: peloids, intraclasts, skeletal
grains; echinoderms, brachiopods
3405-10 Skeletal packstone: skel ~tal grains;
brachiopods, trilobites, algae
echinoderms,
NOOS 961~ttineau County
2976 Mudstone: featureless
Mudstone: chert nodules, silicification
Intraclastic packstone: intraclasts, skeletal grains;
echinoderms, algae, foraminifers
Skeletal wackestone: skeletal grains; echinoderms
Mudstone: skeletal fragments
3002A skeletal grains; echinoderms,Skeletal wackestone:
brachiopods
3002B skeletal grains, peloids;Skeletal wackestone-packstone:
echinoderms, brachiopods
Mudstone:
ostracodes
skeletal grains; echinoderms, brachiopods,
Skeletal wackestone: skeletal grains;
trilobites, algae, brachiopods
echinoderms, coral
Mudstone: rare skeletal grains
Intraclastic skeletal wackestone: intOraclasts, skeletal
grains; echinoderms, brachiopods, algae
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3018B skeletal grains, peloids;Skeletal peloidal wackestone:
echinoderms, brachiopods, algae
Intraclastic skeletal peloidal packstone-wackestone:
intraclasts, skeletal grains, peloids; echinoderms,
brachiopods, trilobites, algae, foraminifers
NIx;S 1302Bottineau County
Mudstone
3103.3 Mudstone
3103.3 Mudstone: anhydritic; algae
3103.5 Mudstone: replacive anhydrite, laminations; algae
3103.8 Mudstone: rare skeletal grains; algae, echinoderms
Mudstone: burrows
3109.5 Lithoclastic packstone: lithoclasts
3110 Lithoclastic packstone: lithoclasts
3111.5 ostracodesMudstone: skeletal grains, burrowed;
calcispheres, foraminifers
3112.5 Mudstone: skeletal grains, anhydritic;
calc is pheres , f oraminif ers
ostracodes,
3114.5 Intraclastic peloidal packstone: intraclasts, peloids, rare
skeletal grains; calcispheres, foraminifers
Mudstone: skeletal grains, anhydritic, laminations;
ostracodes, calcispheres
3116.5A Mudstone: skeletal grains, anhydritic; ostracodes,
calcispheres, foraminifers
3116.5B Mudstone: skeletal grains, anhydritic;
calcispheres, foraminifers
ostracodes,
3116.5C Mudstone: skeletal grains, anhydrite replacement;
ostracodes, calcispheres, foraminifers
3118.4 rare skeletal grains, anhydritic; calcispheres,Mudstone:
ostracodes
Mudstone: lamination
Mudstone: intraclasts, peloids
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NIX;S 5 90Loaan Countv
3270-80 Mudstone: featureless
3280-90 Mudstone: laminated
3290-00 Mudstone: burrowed, laminated in areas
echinodermsrare skeletal grains;3310-20 Peloidal packstone:
3330-40 Mudstone: featureless
peloids, skeletal grains, silty; algae,3340-50 Peloidal packstone:
ostracodes
3350-60 Mudstone: featureless
skeletal grains; brachiopods,3360-70 Peloidal wackestone:
echinoderms
echinoderms, algae,skeletal grains;3370-80 Skeletal wackestone:
trilobites
3380-90 Peloidal skeletal wackestone-packstone:
grains; algae, echinoderms, ostracodes
peloids, skeletal
3390-00 Mudstone: silicification
3400-10 Mudstone: featureless
3410-20 Mudstone: rare skeletal grains, silicification, glauconitic
MOOS 1346LORan County
peloids, skeletal2900-10 Peloidal skeletal wackestone-packstone:
grains; echinoderms, algae
2910-20 Skeletal wackestone: skeletal grains. peloids~ silty
silicification; echinoderms, ostracodes. trilobites
2920-30 Peloidal intraclastic wackestone:
chert nodules
peloids, intraclasts,
2930-40 Peloidal skeletal wackestone-mudstone:
grains; algae, trilobites, echinoderms
peloids, skeletal
2940-50 Peloidal skeletal wackestone-mudstone: peloids, skeletal
grains, some silt; algae, echinoderms, brachiopods
2950-60 Peloidal mudstone: Peloidal mudstone: peloids
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MOOS 1516McLean County
6212.5 Peloidal skeletal packstone: Peloids, intraclasts, skeletal
grains; echinoderms, algae, ostracodes, calcispheres
Peloidal skeletal packstone: peloids, skeletal grains
lamination; echinoderms, algae, calcispheres
6213
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, algae, ostracodes, calcispheres
6218
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, algae, brachiopods
6225A Mudstone: burrowed
6225B Mudstone: anhydritic, anhydrite rosettes
6225C Mudstone: rare skeletal grains, anhydrite rosettes;
echinoderms, calcispheres
6228 Peloidal wackestone-mudstone: peloids, rare skeletal grains;
echinoderms, algae, foraminifers
Skeletal peloidal intraclastic packstone: skeletal grains
peloids, intraclasts; echinoderms, brachiopods, algae,
foraminifers
NDGS 26Morton County
unidentifiableskeletal grains;4921-26 Skeletal wackestone:
skeletal fragments
4926-42 Intraclastic skeletal packstone: intraclasts, skeletal
grains, peloids; echinoderms, mollusks, foraminifers
mx;s 133Morton County
skeletal grains; echinodenns6780-90 Skeletal wackestone:
6790 Peloidal oolitic packstone: peloids, ooids, rare skeletal
grains; ostracodes, calcispheres
6820-30 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, algae, ostracodes, bryozoans, calcispheres
6830-40 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains; echinoderms, algae, foraminifers
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6870-80 Intraclastic peloidal skeletal packstone: intraclasts,
peloids. skeletal grains; echinoderms. algae. foraminifers
skeletal grains; echinoderms, algae6880-90 Skeletal wackestone:
calcispheres
algal6890-00 Skeletal packstone:
plates
skeletal grains, dolomitic;
6900-10 Skeletal peloidal packstone: skeletal grains, peloids
dolomitization; echinoderms, brachiopods, algae,
foraminifers
Peloidal skeletal grainstone: skeletal grains, intraclasts,
peloids, dolomitic; echinoderms, algae, calcispheres
NOOS 39~Ofierc! County
Mudstone: laminations
3223 Mudstone:
rhombs
dolomitic, anhydritic, lamination, dolomitic
3228.3 Mudstone: anhydritic, dolomitic, dolomitic rhombs
3230.5 Mudstone: anhydritic
anhydriticMudstone:
Mudstone: dolomitic, laminations
3234.5 Mudstone: silty, dolomitic, laminations
3234.7 Mudstone: laminations
3234.9 Mudstone: anhydritic, laminations
anhydritic, dolomitic, dolomitic rhombs, replaciveMudstone:
anhydrite
Mudstone: burrowed
NOOS 665Sheridan County
anhydritic4040-50 Mudstone:
4050-60 Mudstone: rare intraclasts
4060-70 Skeletal wackestone: skeletal grains;
brachiopods, ostracodes
echinoderms,
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4070-80 Mudstone-peloidal wackestone: peloids, intraclasts
4080-~ Mudstone: anhydritic, anhydrite fracture fill
intraclasts, anhydrite nodules4090-00 Intraclastic wackestone:
4100-10 Peloidal packstone: peloids, rare skeletal grains, burrowed,
silicification; algae, brachiopods
4110-20 Peloidal wackestone-mudstone: peloids, silicification
4120-30 Mudstone
4130-40 Peloidal packstone-mudstone:
anhydritic
peloids, silicification,
intraclasts, peloids;4140-50 Intraclastic peloidal packstone:
algae
4150-60 Mudstone: silicification
4160-70 Intrac1astic packstone:
silicification; algae
Intraclasts, peloids,
4170-80 Peloidal skeletal packstone: peloids, skeletal grains
silicification; echinoderms, brachiopods, algae
4180-90 Skeletal grainstone: skeletal grains, silicification;
echinoderms, brachiopods, ostracodes, calcispheres
NDGS684Sheridan County
peloids3860-70 Peloidal wackestone:
3870-80 Peloidal packstone: peloids
peloids, ooids3890-00 Peloidal oolitic packstone:
3900-10 Peloidal packstone: peloids, rare skeletal grains,
silicification; algae
3910-20 Intraclastic skeletal packstone: intraclasts, skeletal
grains, dolomitic; echinoderms, algae
intraclasts, silty;3920-30 Intraclastic packstone: algae
peloids, areas of mudstone3930-40 Peloidal packstone:
skeletal grains, peloids
echinoderms, alR.ae
3940-50 Skeletal peloidal packstone:
intraclasts, silicification;
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NOOS 693Sheridan County
intraclasts, ooids;4480-90 Intraclastic oolitic packstone: algae
intraclasts, peloids,4500-10 Intraclastic peloidal grainstone:
skeletal grains
peloids, skeletal4510-20 Peloidal skeletal packstone-grainstone:
grains; echinoderms, algae, foraminifers
4560-70 Peloidal intraclastic skeletal packstone: peloids
intraclasts, skeletal grains; echinoderms, algae
peloids, skeletal4580-90 Skeletal peloidal packstone-grainstone:
grains; echinoderms, algae
4600-10 Skeletal packstone: skeletal grains, silicification;
echinoderms, brachiopods
4620-30 Peloidal skeletal intraclastic grainstone: peloids, skeletal
grains, intraclasts; echinoderms, brachiopods, algae
skeletal grains. peloids;4640-50 Skeletal peloidal grainstone:
echinoderms, brachiopods, algae
intraclasts, skeletal4670-80 Intraclastic skeletal grainstone:
grains; echinoderms, foraminifers
NOOS 1211Wells County
2350-60 Mudstone: peloids; foraminifers
2360-70 Mudstone: coated grains
2370-80 Mudstone: rare peloids, dolomitic
2380-90 Mudstone: rare peloids
2390-00 Mudstone: rare peloids or intraclasts, dolomitic
2400-10 Peloidal oolitic packstone:
grains
peloids, ooids, rare skeletal
peloids, ooids; foraminifers as2410-20 Peloidal oolitic packstone:
ooid nuclei
2420-30 Peloidal skeletal packstone: peloids, skeletal grains;
foraminifers, echinoderms, ostracodes, brachiopods, mollusks
2430-40 Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, mollusks, alRae
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2440-50 Skeletal peloidal grainstone: skeletal grains, peloids,
dolomitic; echinoderms, trilobites, brachiopods, algae,
foraminifers
NJX;S 1384Wells County
brachiopods,3604-06 Intraclastic skeletal grainstone:
algae
intraclasts;
3617-20 Mudstone: rare skeletal grains, burrowed
3630..:.40 Mudstone
3640-50 Mudstone
peloids, skeletal grains3650-60 Peloidal packstone-wackestone:
intraclasts, peloids3660-70 Intraclastic peloidal grainstone:
3690-00 Mudstone
3710-20 Peloidal wackestone: peloids, rare skeletal grains,
burrowed; ostracodes, gastropods
3720-30 Peloidal skeletal packstone: peloids, skeletal grains
FROBISHER-ALIDA INTERVAL
NOOS 1431Bottineau County
Pisolitic intraclastic packstone:
dolomitic, anhydritic
pisolites, intraclasts,
Mudstone: rare skeletal grains, dolomitic, minor anhydrite;
ostracodes, algae, calcispheres
Peloidal intraclastic oolitic packstone: peloids,
intraclasts, ooids, dolomitic, fenestral fabric; ostracodes
3997.5 Peloidal intraclastic packstone:
dolomitic; ostracodes
peloids, intraclasts
4003 Oolitic intraclastic wackestone-packstone: ooid.s,
intraclasts, rare skeletal grains, dolomitic; ostracodes
calcispheres
4007 Skeletal wackestone: skeletal grains, dolomitic, replacement
anhydrite; ostracodes, calcispheres
4008.5 Mudstone: ostracodesrare skeletal grains, dolomitic;
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4014 Intraclastic peloidal wackestone: intraclasts, peloids, rare
skeletal grains; ostracodes, calcispheres
Intraclastic peloidal wackestone: intraclasts, peloids, rare
skeletal grains; ostracodes, calcispheres
NOOS 3295Bottineau County
Peloidal mudstone-wackestone:
dolomitic, laminations
peloids, intraclasts,
Laminated dolomitic mudstone: peloids, dolomitic
Oolitic peloidal packstone: ooids, peloids, dolomitic
ooids, peloids, dolomiticOolitic peloidal wackestone:
Dolomitic mudstone: anhydrite replacement, dolomitic
Dolomitic mudstone: dolomitic, pyritized
4405 Dolomitic mudstone: dolomitic, pyritized
4405.6 Dolomitic mudstone: anhydrite crystals, dolomitic
Dolomitic mudstone: dolomitic, anhydritic
4406.5 Dolomitic mudstone: very large anhydrite crystals, dolomitic
Dolomitic packstone:
grains, dolomitic
quartz silt, peloids, rare skeletal
Peloidal mudstone: peloids, dolomitic
Peloidal skeletal mudstone-wackestone: peloids, skeletal
grains, dolomitic; echinoderms, ostracodes, calcispheres
Oolitic skeletal peloidal packstone: ooids, skeletal grains,
peloids, dolomitic; coral, ostracodes, calcispheres,
foraminifers
4429.5 Oolitic skeletal wackestone-packstone: ooids, skeletal
grains, peloids, dolomitic; ostracodes, brachiopods,
mollusks, echinoderms, calcispheres .
Oolitic peloidal packstone-grainstone: ooids (mostly radial
fibrous), peloids, skeletal grains; ostracodes, calcispheres
4435 Peloidal skeletal mudstone-wackestone: peloids, skeletal
grains; ostracodes, calcispheres, brachiopods, algae
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Skeletal intraclastic wackestone:
intraclasts; algae, ostracodes
skeletal grains,
4448.5 Dolomitic mudstone: peloids, dolomitic
4449.5 Skeletal peloidal intraclastic wackestone: skeletal grains,
peloids, intraclasts; algae, ostracodes, calcispheres
Peloidal skeletal intraclastic wackestone-packstone:
peloids, skeletal grains, intraclasts, anhydritic;
ostracodes, brachio~ds, echinoderms, calcispheres
4457.7 Skeletal peloidal intraclastic packstone: skeletal grains.
peloids. intraclasts; algae. brachiopods. echinoderms.
foraminifers, ostracodes
Peloidal intraclastic packstone: peloids, intraclasts,
skeletal grains, ooids, anhydrite replacement; ostracodes.
algae
NOOS 3944Bottineau Co!!ntv
3857.5 Intraclastic peloidal packstone: intraclasts, peloids,
dolomitic; foraminifers, calcispheres
Pisolitic packstone-mudstone:
replacement
pisolites, anhydrite
3860 Oolitic pisolitic packstone: ooids, pisolites, dolomitic,
anhydritic; algae, calcispheres
3861.5 ooids, p1so1ites,Oolitic pisolitic wackestone-grainstone:
intraclasts; ostracodes, calcispheres
Peloidal oolitic packstone: peloids, ooids, pisolites,
intraclasts; ostracodes, calcispheres
3864.5 Peloidal packstone:
calcispheres
peloids, skeletal grains; ostracodes
Intraclastic peloidal grainstone: Intraclasts, peloids,
skeletal grains; echinoderms, ostracodes, algae
3866.5 Intraclastic skeletal grainstone: intraclasts, skeletal
grains, peloids, anhydritic; brachiopods, echinoderms,
ostracodes
Intraclastic skeletal grainstone: intraclasts, skeletal
grains; echinoderms, brachiopods, gastropods, foraminifers,
algae
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Intraclastic peloidal skeletal grainstone: intraclasts,
peloids, skeletal grains; echinoderms, mollusk, algae,
foraminifers, calcispheres
Intraclastic peloidal skeletal grainstone: intraclasts,
peloids, skeletal grains, dolomitic; ostracodes,
echinoderms, calcispheres, foraminifers
Dolomitic mudstone: rare intraclasts, rare skeletal grains,
dolomitic, minor anhydrite; ostracodes
peloids, silt, dolomitic; ostracodes,3873.8 Peloidal mudstone:
calcispheres
Dolomitic mudstone: rare peloids, skeletal grains
dolomitic; ostracodes, calcispheres
Intraclastic skeletal wackestone: intraclasts, skeletal
grains, dolomitic, pyrite; ostracodes, calcispheres
3876.8
Intraclastic skeletal peloidal wackestone-packstone:
intraclasts, skeletal grains, peloids, dolomitic; algae,
ostracodes, echinoderms, calcispheres
Peloidal skeletal packstone: peloids, skeletal grains;
coral, bryozoans, echinoderms, ostracodes, foraminifers,
calcispheres
Skeletal peloidal packstone-grainstone: skeletal grains,
peloids, intraclasts; echinoderms, coral, bryozoans,
brachiopods, foraminifers
Skeletal peloidal wackestone packstone: skeletal grains,
peloids, intraclasts; echinoderms, brachiopods, ostracodes,
calcispheres, algae
Skeletal peloidal packstone: skeletal grains, peloids,
slightly dolomitic; echinoderms, ostracodes, calcispheres
3894.5 Peloidal skeletal packstone: Peloids, skeletal grains;
echinoderms, brachiopods, ostracodes, mollusks. foraminifers
Skeletal wackestone: skeletal grains, silt;
ostracodes, echinoderms, foraminifers
brachiopods,
Skeletal peloidal packstone: skeletal grains, peloids,
silty; echinoderms, ostracodes, algae, calcispheres,
foraminifers
Skeletal packstone: skeletal grains; echinoderms,
ostracodes, brachiopods, coral, bryozoans
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Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, coral, brachiopods, ostracodes, bryozoans
3904.5
3905.5 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, ostracodes, coral, brachiopods, calcispheres
Skeletal peloidal intraclastic packstone: skeletal grains,
peloids, intraclasts; echinoderms, brachiopods, ostracodes
calcispheres, bryozoans
NIx;S 3510Burke County
Skeletal wackestone-packstone': skeletal grains, peloids,
intraclasts; echinoderms, brachiopods, mollusks, ostracodes
calcispheres
7460
Skeletal wackestone: skeletal grains;, echinoderms,
brachiopods, ostracodes, calcispheres
Skeletal packstone: skeletal grains; brachiopods,
echinoderms, mollusks, bryozoans, algae, ostracodes
Skeletal wackestone-packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, ostracodes, bryozoans
Skeletal peloidal packstone: skeletal grains, peloids:
intraclasts, replacive dolomite; echinoderms, algae,
mollusks, brachiopods, ostracodes
7483
Skeletal peloidal packstone: skeletal grains, peloids,
intraclasts; echinoderms, brachiopods, ostracodes, algae,
foraminifers
Skeletal wackestone-packstone: skeletal grains;
echinoderms, brachiopods, ostracodes, calcispheres,
gastropods, coral
Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, coral, ostracodes, trilobites,
foraminifers
Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, ostracodes, algae, calcispheres
Skeletal peloidal packstone: skeletal grains, peloids;
. . .
Skeletal peloidal packstone-wackestone: skeletal grains,
peloids, minor anhydrite; echinoderms, brachiopods,
ostracodes, calcispheres, algae, foraminifers
echinoderms, brachiopods, ostracodes, ca~c~spneres,
foraminifers
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Skeletal packstone: skeletal grains, peloids; echinoderms,
ostracodes, trilobites, algae, calcispheres, foraminifers
Skeletal peloidal packstone: skeletal grains, peloids,
intraclasts; echinoderms, ostracodes, brachiopods,
bryozoans, calcispheres, algae, trilobites
Peloidal skeletal wackestone: peloids. skeletal grains;
echinoderms. ostracodes. mollusks. calcispheres
Skeletal packstone: skeletal grains, peloids;
brachiopods, ostracodes, trilobites, bryozoans
echinoderms,
NIK:;S 5908Burke County
5621.8 Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts, anhydritic; mollusks, ostracodes,
calcispheres, foraminifers
intraclasts, skeletal5623.4 Intraclastic skeletal wackestone:
grains; mollusks, ostracodes
intraclasts, skeletalIntraclastic skeletal wackestone:
grains; mollusks, ostracodes
intraclasts, skeletalIntraclastic skeletal wackestone:
grains; mollusks, ostracodes
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; algae, mollusks, calcispheres,
ostracodes
5636 Skeletal wackestone-mudstone: rare skeletal grains, peloids,
replacement anhydrite; ostracodes, mollusks, calcispheres
Skeletal wackestone: skeletal grains, intraclasts, anhydrite
replacement; ostracodes, calcispheres, algae
5643 Peloidal intraclastic packstone: Peloids, intraclasts, rare
skeletal grains, replacive anhydrite, siliceous; mollusks
5644.5 Intraclastic packstone: intraclasts, rare skeletal grains,
replacive anhydrite; gastropods
ooids, rare intraclastsOOlitic grainstone-packstone:
Oolitic wackestone-packstone: ooids(radial fibrous), rare
skeletal grains; ostracodes, calcispheres
5650.5 Oolitic wackestone: ooids, anhydritic; calcispheres
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Peloidal intraclastic packstone-wackestone: peloids,
intraclasts, rare skeletal grains, replacive anhydrite;
ostracodes, calcispheres
5658.7
Mudstone:
anhydrite;
rare skeletal grains, intraclasts, replacive
ostracodes, calcispheres
Peloidal intraclastic packstone-wackestone: peloids,
intraclasts, rare skeletal grains, replacive anhydrite;
ostracodes, calcispheres
5666.8
Intraclastic skeletal packstone-wackestone: intraclasts,
skeletal grains; ostracodes, brachiopods, mollusks,
calcispheres
NIx:;S 1024P;i vide County
Skeletal peloidal grainstone: skeletal grains, peloids,
intraclasts; echinoderms, brachiopods, bryozoans,
foraminifers, ostracodes
Oolitic skeletal packstone-grainstone: ooids, skeletal
grains, peloids; echinoderms, bryozoans, coral, mollusks,
foraminifers, algae
7170
Skeletal peloidal packstone-grainstone: skeletal grains,
peloids; echinoderms, coral, brachiopods, trilobites,
foraminifers
Peloidal skeletal grainstone-packstone: peloids, skeletal
grains, ooids; echinoderms, mollusks, trilobites,
ostracodes, bryozoans, foraminifers
Oolitic skeletal grainstone: ooids, skeletal grains,
peloids; echinoderms, algae, foraminifers, mollusks
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, mollusks, bryozoans, foraminifers
Skeletal peloidal packstone-grainstone: skeletal grains,
peloids; echinoderms, brachiopods, bryozoans, trilobites,
algae
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, brachiopods, trilo bi tes., bryozoans,
foraminifers, algae, mollusks
Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, mollusks, bryozoans, brachiopods, trilobites
ostracodes, foraminifers
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7205 Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, ostracodes, brachiopods, trilobites,
foraminifers, algae
Skeletal peloidal grainstone-packstone: skeletal grains
peloids; echinoderms, brachiopods, bryozoans, algae,
ostracodes, foraminifers
Peloidal skeletal grainstone: peloids, £:'eletal grains;
echinoderms, brachiopods, mollusks, bryozuans, ostracodes,
algae, foraminifers, trilobites
Skeletal peloidal grainstone: skeletal grains, peloids, rare
intraclasts; echinoderms, brachiopods, mollusks, bryozoans,
ostracodes, algae, foraminifers, trilobites
Skeletal peloidal intraclastic grainstone: skeletal grains,
peloids, intraclasts; echinoderms, brachiopods, mollusks,
bryozoans, ostracodes, algae, foraminifers, trilobites
Skeletal peloidal grainstone: skeletal grains, peloids,
intraclasts; echinoderms, brachiopods, mollusks, bryozoans
ostracodes, algae, foraminifers, trilobites
Skeletal peloidal intraclastic grainstone: peloids, skeletal
grains; echinoderms, brachiopods, mollusks, bryozoans,
ostracodes, algae, foraminifers, trilobites
Skeletal peloidal intraclastic grainstone: skeletal grains
peloids, intraclasts; echinoderms, brachiopods, mollusks,
bryozoans, ostracodes, algae, foraminifers, trilobites
echinodermsPeloidal packstone: peloids, skeletal grains;
bryozoans, ostracodes, foraminifers
Skeletal packstone: skeletal grains, peloids;
brachiopods, ostracodes
echinoderms,
skeletal grains, peloids; echinodermsSkeletal packstone:
brachiopods
7302 skeletal grains, peloids; echinoderms,Skeletal grainstone:
algae, bryozoans
NDGS 78~ckenzie County
8960 intraclasts, peloidsIntraclastic peloidal packstone:
replacive anhydrite
Mudstone: rare skeletal grains, laminated;
algae, calcispheres
ostracodes,
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Peloidal intraclastic packstone: peloids, intraclasts
skeletal grains, anhydritic; ostracodes, calcispheres
Mudstone: silt, dolomitic, laminated, rare burrows
Intraclastic wackestone: intraclasts, rare skeletal grains,
dolomitic; ostracodes, mollusks, echinoderms
Peloidal skeletal wackestone: peloids, skeletal grains
intraclasts, anhydritic; ostracodes, calcispheres,
foraminifers
ooids, peloids, pisolitic,Oolitic peloidal packstone:
anhydritic
skeletal grains, peloids; ostracodes,Skeletal wackestone:
calcispheres
ooids, peloids, rare skeletal
ostracodes, calcispheres
Oolitic peloidal packstone:
grains, replacive anhydrite;
8993 Peloidal skeletal packstone: peloids, skeletal grains, rare
intraclasts: echinoderms, brachiopods, ostracodes,
foraminifers, calcispheres
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts, dolomitic, anhydritic; echinoderms,
coral, brachiopods, trilobites, ostracodes, mollusks
Peloidal intraclastic packstone: Peloids, intraclasts,
skeletal grains, dolomitic; ostracodes, calcispheres, algae
8999 Peloidal skeletal packstone: peloids, skeletal grains;
coral, ostracodes, calcispheres
9002 Mudstone: rare skeletal grains, dolomitic, some replacive
anhydrite, laminations; echinoderms, calcispheres
Intraclast1c skeletal packstone: intraclasts, skeletal
grains; mollusks, echinoderms, coral, ostracodes
Skeletal packstone: skeletal grains, minor silicification,
some replacive anhydrite; coral, echinoderms, ostracodes,
brachiopods
9009A Intraclastic packstone: intraclasts, skeletal grains,
dolomitic; echinoderms, brachiopods
9O09B Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, ostracodes, brachiopods, calcispheres
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Skeletal peloidal packstone: skeletal grains, intraclasts;
echinoderms, brachiopods, bryozoans, ostracodes, calcispheres
Skeletal peloidal intraclastic grainstone: skeletal grains
peloids, intraclasts; echinoderms, brachiopods,
stromotoporoids, foraminifers, ostracodes
9015
Skeletal packstone: skeletal grains;
brachiopods, ostracodes, calcispheres
echinoderms,9019
Skeletal peloidal intraclastic packstone: skeletal grains,
peloids, intraclasts; echinoderms, brachiopods, coral,
ostracodes, foraminifers
Skeletal wackestone: skeletal grains, dolomitic;
echinoderms, brachiopods, ostracodes
Peloidal skeletal grainstone-packstone: peloids,
grains; echinoderms, ostracodes, calcispheres
skeletal
NOOS 1065McKenzie County
Skeletal peloidal packstone: skeletal grains, peloids,
intraclasts; coral, brachiopods, echinoderms, gastropods
foraminifers, ostracodes
Skeletal wackestone: skeletal grains, dolomitic, anhydritic;
ostracodes, brachiopods, echinoderms
9202.5 Intraclastic peloidal skeletal wackestone-packstone:
intraclasts, peloids, skeletal grains; ostracodes,
calcispheres
Oolitic peloidal skeletal packstone: ooids, peloids,
skeletal grains; ostracodes, calcispheres, foraminifers
9209 Intraclastic peloidal skeletal packstone-grainstone:
Intraclasts, peloids, skeletal grains; stromotoporoids,
ostracodes, echinoderms, trilobites, brachiopods,
foraminifers
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; coral, echinoderms,
brachiopods, calcispheres, foraminifers
Skeletal wackestone: skeletal grains, peloids, dolomitic,
anhydritic; ostracodes, calcispheres, foraminifers
9237 Skeletal peloidal intraclastic packstone: skeletal grains,
peloids, intraclasts, dolomitic; echinoderms, brachiopods,
foraminifers. calcispheres
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Skeletal peloidal packstone: skeletal grains, peloids,
anhydrite replacement; echinoderms, brachiopods, ostracodes,
calcispberes, foraminifers
Skeletal packstone: skeletal grains, siliceous replacement;
echinoderms, brachiopods, calcispheres, foraminifers
9248
skeletal grains, dolomite rhombs,
ostracodes, calcispheres
5 Skeletal wackestone:
replacive anhydrite;
9268.4 Skeletal packstone: skeletal grains, dolomitic;
echinoderms, brachiopods, ostracodes, coral, calcispheres
Skeletal peloidal packstone: skeletal grains, peloids.
dolomitic; echinoderms, brachiopods, ostracodes
9285.3
9287.5 Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts; mollusks, ostracodes, calcispheres, foraminifers
coral,Skeletal packstone: skeletal grains, silicification;
echinoderms, ostracodes, foraminifers
9304.5 Skeletal packstone: skeletal grains, replacive anhydrite;
echinoderms, brachiopods, algae, foraminifers
Skeletal peloidal packstone: skeletal grains, peloids
quartz silt, dolomitic; echinoderms, brachiopods
9310
Skeletal wackestone: skeletal grains, dolomite rhombs,
laminated; ostracodes, calcispheres
9320.5
Skeletal peloidal grainstone: skeletal grains, peloids;
stromatoporoids, echinoderms, brachiopods, foraminifers,
ostracodes
9326
9330.5 fragmentsdolomitic, laminations;Mudstone-wackestone:
NOOS 1276McKenzie County
ooids, peloids,Oolitic peloidal packstone-grainstone:
laminations; calcispheres, algae
Peloidal intraclastic skeletal wackestone: peloids,
intraclasts, rare skeletal grains; ostracodes, calcispheres
mollusks
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts; echinoderms, mollusks, ostracodes,
calcispheres, foraminifers
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9303 Peloidal skeletal packstone: peloids, skeletal grains;
ostracodes, gastropods, calcispheres, foraminifers
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains, anhydrite replacement;
echinoderms, ostracodes, foraminifers, calcispheres
peloids,
ostracodes,
Peloidal intraclastic skeletal packstone:
intraclasts, skeletal grains, dolomitic;
calcispheres, foraminifers
9309 Peloidal intraclastic skeletal packstone:
intraclasts, skeletal grains, dolomitic;
calcisphere'. foraminifers
peloids,
ostracodes,
rare skeletal grains, dolomitic, burrowed;Mudstone:
ostracodes
9311.5 Peloidal skeletal wackestone: peloids, skeletal grains,
intraclasts, anhydritic; echinoderms, ostracodes,
foraminifers, calcispheres
Peloidal intraclastic grainstone: peloids, intraclasts,
skeletal grains, anhydrite replacement; algae, foraminifers,
calcispheres
9331 Skeletal peloidal packstone: skeletal grains, peloids;
coral, echinoderms, brachiopods, ostracodes, foraminifers
Mudstone: rare skeletal grains, dolomitic, burrowed;
ostracodes, calcispheres
Skeletal packstone: skeletal grains, peloids;
brachiopods, trilobites, ostracodes
echinoderms,
Mudstone:
ostracodes
rare skeletal grains, dolomitic, burrowed;
NOOS 6376Mountrail County
8113.5 Peloidal skeletal wackestone: peloids, skeletal grains,
replacive anhydrite; ostracodes, calcispheres
8117.5 Mudstone: rare intraclasts, burrowed; calcispheres
8126.5 Mudstone: rare intraclasts, laminations
8136.3 Mudstone: rare pisolites
8138.3 Intraclastic wackestone:
ostracodes. calcispheres
intraclasts, rare skeletal grains;
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Peloidal skeletal packstone:
calcispheres, ostracOdes
peloids, skeletal grains;8139.7
8140.5 Peloidal pisolitic packstone: peloids, pisolites, rare
skeletal grains; ostracodes, calcispheres
8141.2 Mudstone: silty, dolomitic, anhydritic
Pisolitic peloidal packstone: pisolites, peloids, rare
skeletal grains; ostracodes, calcispheres
ooids, pisolites, peloids8142.5 Oolitic pisolitic packstone:
ooids, peloidsOolitic packstone:
8145.5 Oolitic grainstone: ooids, radial fibrous
Peloidal skeletal packstone-grainstone: peloids, skeletal
grains, intraclasts; mollusks, calcispheres, ostracodes,
foraminifers
ooids, pisolites, peloids8156.3 Oolitic pisolitic grainstone:
NDGS 3489Renville County
Intraclastic peloidal packstone: intraclasts, peloids,
skeletal grains; gastropods, algae, ostracodes
4560
algae,peloids. pisolites;Peloidal pisolitic packstone:
calcispheres
peloids, pisolites:4562.5 Peloidal pisolitic oolitic packstone:
ooids, anhydrite replacement
Mudstone: silty, dolomitic
4568.5 Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; gastropods, ostracodes, algae,
foraminifers, calcispheres
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts, ooids; echinoderms, ostracodes,
foraminifers, algae, calcispheres
4569.5
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts; gastropods, algae, brachiopods,
foraminifers
4571.5
Intraclastic skeletal peloidal packstone: intraclasts,
skeletal grains, peloids; ostracodes, algae, calcispheres,
echinoderms, mollusks
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ostracodes,Wackestone: intraclasts, skeletal grains;
echinoderms, calcispheres
Peloidal intraclastic skeletal packstone: Peloids,
intraclasts, skeletal grains; ostracodes, echinoderms,
calcispheres, foraminifers
Peloidal skeletal packstone: peloids, skeletal grains
intraclasts; brachiopods, echinoderms, ostracodes,
calcispheres
4584
Peloidal skeletal intraclastic packstone: peloids, skeletal
grains, intraclasts; echinoderms, brachiopods, foraminifers
NOOS 3496Renville County
41071 Peloidal pisolitic packstone: peloids, pisolites
peloids, pisolites;4107B Peloidal pisolitic packstone:
ostracodes, calcispheres
Mudstone: silty, dolomitic
Mudstone: silty, dolomitic
ostracodes,Skeletal wackestone:
calcispheres, algae
skeletal grains;
4129 Algal boundstone: algal clasts, peloids, skeletal grains;
algae, ostracodes, calcispheres
Intraclastic peloidal packstone: intraclasts, algal clasts,
peloids, skeletal grains; algae, ostracodes, calcispheres
Intraclastic peloidal skeletal packstone: intraclasts, algal
clasts, peloids, skeletal grains; algae, ostracodes,
gastropods, calcispheres
4132.5
Algal boundstone: algal clasts, peloids, skeletal grains;
algae, ostracodes, calcispheres
4137
Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains; ostracodes, gastropods,
calcispheres, foraminifers
5 Peloidal skeletal wackestone: peloids, skeletal grains;
ostracodes, gastropods, calcispheres
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; ostracodes, algae,
calcispheres
4146.5
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Algal peloidal skeletal packstone: algal clasts, peloids,
skeletal grains; algae, ostracodes, calcispheres
Peloidal intraclastic skeletal wackestone: peloids,
intraclasts, skeletal grains; algae, ostracodes,
calcispheres
skeletal grains; ostracodes,Mudstone-skeletal wackestone:
algae, calcispheres
Skeletal peloidal wackestone: skeletal grains, peloids
intraclasts; ostracodes, calcispheres
NOOS 3535Renville Countv
4892.5 Mudstone: silt, dolomitic, anhydritic
pisolites, peloids, anhydritePisolitic peloidal packstone:
replacement
peloids, intraclastsPeloidal intraclastic packstone:
anhydrite replacement
4894.5 peloids,Peloidal intraclastic wackes.tone-packstone:
intraclasts. dolomitic, anhydritic
Oolitic peloidal wackestone:
dolomitic
ooids, peloids, anhydritic,
4895.8 ooids, peloids,Oolitic peloidal intraclastic packstone:
intraclasts, replacive anhydrite
Peloidal intraclastic oolitic packstone: peloids,
intraclasts, ooids, anhydrite; calcispheres
4896.8 Peloidal pisolitic packstone:
replacive anhydrite
peloids, pisoids, intraclasts,
peloids,Peloidal intraclastic packstone-wackestone:
intraclasts, pisolites, anhydrite; algae
peloids, intraclasts, anhydritePeloidal packstone:
replacement
Peloidal intraclastic packstone: peloids, intraclasts,
coated grains, anhydrite replacement
4902 peloids, algal clasts,Peloidal algal packstone-wackestone:
anhydritic; algae, calcispheres
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Peloidal intraclastic packstone: peloids, intraclasts, rare
skeletal grains; ostracodes, calcispheres, algae
Peloidal intraclastic packstone:
dolomitic; algae, calcispheres
peloids, intraclasts
Algal peloidal packstone: peloids, algal clasts,
intraclasts; calcispheres, algae
4907.8 Pisolitic peloidal packstone: pisolites, peloids,
intraclasts, anhydrite replacement
Pisolitic intraclastic wackestone:
peloids, anhydrite replacement
pisoids, intraclasts,
4911.5 Peloidal packstone-wackestone:
anhydrite replacement
peloids, intraclasts,
4912.8 peloids, laminatedPeloidal mudstone-wackestone:
Peloidal intraclastic wackestone:
dolomitic, anhydrite replacement
peloids, intraclasts
4914.8 Mudstone: dolomitic, anhydritic
Mudstone: dolomitic, anhydritic
4918.5 Mudstone: dolomitic, anhydritic
4922.8 Mudstone: dolomitic, anhydritic
Renville Countv NOOS 3571
Intraclastic peloidal packstone:
algae, ostracodes, calcispheres
intraclasts, peloids;
Peloidal intraclastic packstone:
ooids, dolomitic; calcispheres
peloids, intraclasts,
5295.5 Intraclastic peloidal packstone: intraclasts, peloids,
dolomitic; calcispheres, ostracodes
Intraclastic peloidal packstone:
dolomitic intraclasts, peloids,
Peloidal packstone: peloids, intraclasts
algae,Algal boundstone: p1solites, algae crusts;
gastropods, calc1spheres
Pisolitic peloidal packstone: pisolites, peloids, skeletal
grains; ostracodes, gastropods, calcispheres
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5319 Peloidal intraclastic wackestone: peloids, intraclasts,
skeletal grains; ostracodes, calcispheres
Peloidal wackestone-mudstone:
ostracodes, calcispheres
peloids, skeletal grains;
5326.8 calcispheresPeloidal packstone: peloids, intraclasts;
Peloidal intraclastlc packstone:
algae, ostracodes, calclspheres
peloids, intraclasts;
5330 Peloidal intraclastic wackestone: peloids, intraclasts,
algal clasts; algae, ostracodes, calcispheres
Algal boundstone:
calcispheres
peloids, algal clasts; ostracodes, algae,
5332 algaePeloidal wackestone: peloids, algal clasts;
peloids; calcispheresPeloidal wackestone:
peloidsPeloidal intraclastic wackestone-packstone:
intraclasts; calcispheres, algae
5 peloids, intraclasts,Peloidal intraclastic wackestone:
anhydritic; algae
peloids, intraclasts, laminatedPeloidal wackestone:
5339.5 silty, dolomiticMudstone-wackestone:
calcispheresMudstone-wackestone: silty, laminations;
NIx;S 4097Ward County
Mudstone: rare skeletal grains, rare ooids, laminated;
ostracodes, calcispheres
6055 Peloidal oolitic grainstone: peloids, ooids, rare skeletal
grains; ostracodes, calcispheres, bryozoans, mollusks
Mudstone: skeletal grains, dolomitic:
calcispheres
ostracodes,
6059.5 Intraclastic skeletal packstone: intraclasts, skeletal
grains, dolomitic; ostracodes, calcispheres
Skeletal peloidal packstone: skeletal grains, peloids,
intraclasts: ostracodes. calcisDheres
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rare skeletal grains, burrowed6O64A Mudstone:
rare skeletal grains, laminated; bryozoans6O64B Mudstone:
Peloidal skeletal intraclastic grainstone: peloids, skeletal
grains, intraclasts, rare ooids; mollusks, coral, bryozoans,
foraminifers, ostracodes
0071
Intraclastic skeletal grainstone: intraclasts, skeletal
grains; brachiopods, ostracodes, bryozoans, echinoderms
foraminifers
6072
Intraclastic grainstone: intraclasts, rare skeletal grains;
mollusks, ostracodes, bryozoans
6074.5
6076.8 Peloidal intraclastic skeletal packstone-grainstone:
peloids, intraclasts, skeletal grains; coral, mollusks,
foraminifers, ostracodes
6080 Skeletal wackestone: skeletal grains, dolomitic;
ostracodes, echinoderms, brachiopods
bryozoans,
Peloidal skeletal intraclastic packstone-grainstone:
skeletal grains, intraclasts; echinoderms, mollusks,
brachiopods, foraminifers, bryozoans, ostracodes
Skeletal intraclastic grainstone: skeletal grains,
intraclasts; echinoderms, brachiopods, foraminifers,
bryozoans, mollusks, ostracodes
Skeletal intraclastic peloidal packstone: skeletal grains,
intraclasts, peloids; brachiopods, stromatoporoids,
echinoderms, ostracodes, foraminifers
NroS 4961Ward County
Peloids, intraclasts;Peloidal intraclastic packstone:
calcispheres
6483 peloids, intraclastsPeloidal intraclastic packstone:
replacive anhydrite; calcispheres
ooids, peloids, replacive anhydriteOolitic grainstone:
6486.5 peloids,Peloidal intraclastic wackestone-packstone:
intraclasts, dolomitic; calcispheres
peloids, intraclasts,
ostracodes, calcispheres
Peloidal intraclastic packstone:
dolomitic, replacive anhydrite;
6489.8 Mudstone: rare peloids, rare pisolites, dolomitic
calcispheres
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Peloidal oolitic packstone: peloids, ooids, dolomitic
Peloidal intraclastic packstone:
dolomitic, replacive anhydrite
peloids, intraclasts,
Peloidal mudstone: peloids, dolomitic; calcispheres
6495.5 peloids, dolomitic; calcispheresPeloidal mudstone:
intraclasts, rare ooidsIntraclastic wackestone-packstone:
dolomitic; calcispheres
6499.5 Pisolitic wackestone:
anhydrite
pisolites, dolomitic, replacive
Pisolitic peloidal wackestone: pisolites. peloids. dolomitic
Peloidal intraclastic packstone:
anhydritic
peloids, intraclasts,
Peloidal intraclastic oolitic grainstone: peloids,
intraclasts, ooids, dolomitic, minor anhydrite
Skeletal wackestone-mudstone: skeletal grains, peloids,
dolomitic, replacive anhydrite; ostracodse, calcispheres
6508.8 Peloidal intraclastic wackestone-mudstone: peloids,
intraclasts, pisolites, dolomitic, replacive anhydrite;
calcispheres
Peloidal intraclastic wackestone:
dolomitic, replacive anhydrite
Peloids, intraclasts,
6511.5 Peloidal intraclastic wackestone: peloids, intraclasts, rare
ooids, dolomitic, replacive anhydrite; calcispheres
Mudstone: peloids, dolomitic, burrowed; calcispheres
Mudstone: silty, anhydrite laths, dolomitic, replac1ve
anhydrite, burrowed
Ward County
Skeletal peloidal wackestone: skeletal grains, peloids,
dolomitic, replacive anhydrite; ostracodes, calcispheres
5880 Mudstone:
burrowed;
peloids, rare skeletal grains, dolomitic,
ostracodes, calcispheres
Peloidal intraclastic wackestone:
anhydritic; calcispheres
peloids, intraclasts,
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Mudstone: peloids. replacive dolomite; algae
5886 Peloidal intraclastic wackestone:
algae
peloids, intraclasts;
Peloidal oolitic intraclastic packstone:
intraclasts, replacive anhydrite
peloids, ooids,
Mudstone: silty. dolomitic
5891 Oolitic pisolitic peloidal packstone:
peloids
ooidst pisolitest
Pisolitic peloidal packstone:
calcispheres
pisolites, peloids;
Oolitic peloidal packstone:
erosional surfaces
ooids, peloids, pisolites,
Oolitic peloidal packstone: ooids, peloids, pisolites,
erosional surfaces; ostracodes, calcispheres
Oolitic peloidal packstone:
erosional surfaces
ooids, peloids. pisolites,
5913 Intraclastic pisolitic peloidal packstone:
pisolites, ooids, peloids
intraclasts
pisol1tes, ooids,Pisolitic oolitic peloidal grainstone:
peloids
ooids, pisolites,Oolitic pisolitic packstone-grainstone:
peloids, crust
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, rare skeletal grains, pisolites; ostracodes,
calcispheres
Peloidal pisolitic packstone:
intraclasts, crust development
peloids, pisolites,
Oolitic peloidal grainstone-packstone:
development
ooids, peloids, crust
5930 Oolitic packstone: ooids, peloids, crust development
Peloidal wackestone:
replacive anhydrite;
peloids, rare skeletal grains,
ostracodes, calcispheres
Peloidal pisolitic intraclastic packstone:
pisolites, intraclasts
peloids,
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ooids, peloidsOolitic packstone:
5940 Peloidal wackestone: peloids. rare cold fragments.
dolomitic; calcispheres
5943 Oolitic pisolitic packstone: ooids, pisolites, peloids
peloids, intraclastsPeloidal inttaclastic packstone:
pisolites, slightly dolomitic
5949 Oolitic intraclastic packstone: ooids, intraclasts, skeletal
grains, peloids; ostracodes, calcispheres, forams
5956A ooids, peloidsOolitic grainstone:
5956B peloids, ooidsPeloidal oolitic packstone:
5959 Pelo1da11ntraclastic packstone:
pisolites
peloids, intraclasts,
Peloidal intraclastic packstone: peloids, intraclasts
ooidsOolitic packstone:
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; gastropods, ostracodes,
calcispheres
Oolitic packstone-grainstone: ooids
Peloidalintraclastic packstone-wackestone: peloids,
intraclasts, replacive anhydrite; calcispheres
Peloidal intraclastic packstone-wackestone: peloids
intraclasts, replacive anhydrite; calcispheres
Peloidal packstone: peloids, rare skeletal grains,
intraclasts; ostracodes, calc1spheres
peloids, pisolitesPeloidal pisolitic packstone:
peloidsPeloidal pisolitic intraclastic packstone:
pisolites, intraclasts; calcispheres
ooids, peloids5989B Oolitic peloidal grainstone:
ooids, peloids;Oolitic peloidal grainstone: calcispheres
pisolites, ooids,Pisolitic oolitic packstone-grainstone:
peloids; calcispheres
Peloidal skeletal wackestone: peloids, skeletal grains;
calcispheres, ostracodes
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8484 Peloidal intraclastic skeletal packstone-grainstone:
peloids, intraclasts, skeletal grains; echinoderms,
brachiopods, ostracodes, coral, foraminifers
Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, ostracodes, trilobites,
calcispheres
Skeletal peloidal packstone: skeletal grains, peloids;
8495 Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, ostracodes
8499 Intraclastic packstone: intraclasts, rare skeletal grains;
brachiopods, ostracodes, calcispheres
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; coral, echinoderms,
ostracodes, brachiopods
Mudstone: silty, dolomitic, burrows
Peloidal intraclastic packstone-grainstone: peloids,
intraclasts, rare skeletal grains, replacive anhydrite;
algae, calcispheres, ostracodes
8546 Mudstone: Skeletal grains, laminations; fragments
Skeletal packstone: skeletal grains; brachiopods,
echinoderms, bryozoans, ostracodes, foraminifers, mollusks
Skeletal wackestone-packstone: skeletal grains;
echinoderms, brachiopods, bryozoans, ostracodes, trilobites
8561.5 Skeletal intraclastic packstone: skeletal grains,
intraclasts; echinoderms, mollusks, brachiopods, trilobites,
ostracodes, bryozoans, calcispheres, foraminifers
Skeletal peloidal packstone: skeletal grains, peloids,
siliceous, dolomitic; echinoderms. brachiopods,
foraminifers, calcispheres, ostracodes
Skeletal packstone: skeletal grains;
brachiopods, foraminifers
coral, echinoderms,
Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, ostracodes. foraminifers
ecn1noderms, brach1opods, trilobites, ostracodes,
calcispheres
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Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, ostracodes, foraminifers
NJx;S 11 ~6Williams Count"
Skeletal intraclastic packstone: skeletal grains,
intraclasts, peloids, silicification, replacive anhydrite;
echinoderms, brachiopods, foraminifers
Skeletal peloidal packstone-grainstone: skeletal grains
peloids, intraclasts, ooids; echinoderms, brachiopods,
trilobites, bryozoans, ostracodes, foraminifers
8549 Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, ostracodes
Skeletal packstone: skeletal grains;
brachiopods, ostracodes, foraminifers
coral, echinoderms,
8560 Skeletal peloidal packstone-grainstone: Skeletal grains,
peloids; echinoderms, brachiopods, trilobites, ostracodes,
foraminifers, algae
Intraclastic skeletal peloidal packstone: Intraclasts,
skeletal grains, peloids, replacive anhydrite; echinoderms,
ostracodes
8585 Peloidal skeletal packstone-grainstone: Peloids, skeletal
grains; echinoderms, brachiopods, trilobites, mollusks,
ostracodes, foraminifers
Skeletal packstone: Skeletal grains, silicified, replacive
anhydrite; coral, foraminifers, brachiopods, ostracodes,
bryozoans
8603 Skeletal peloidal packstone: Skeletal grains, peloids;
echinoderms, brachiopods, ostracodes, bryozoans
8626 Skeletal packstone: Skeletal grains; echinoderms
brachiopods, corals, trilobites, ostracodes
mx;s 1263Williams CountV'
8333 Peloidal skeletal wackestone: peloids, skeletal grains,
replacive anhydrite; ostracodes
Mudstone: silt, dolomitic, laminated
Skeletal peloidal packstone: skeletal grains, peloids,
silicified; echinoderms, brachiopods, ostracodes, bryozoans
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8361.8 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, rare ooids; ostracodes,
calcispheres, foraminifers
8367 Peloidal intraclastic skeletal grainstone: peloids,
intraclasts, skeletal grains; echinoderms, brachiopods,
ostracodes, foraminifers, calcispheres
Intraclastic skeletal packstone: Intraclasts, skeletal
grains, replacive anhydrite; brachiopods, ostracodes,
foraminifers
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; echinoderms, brachiopods,
ostracodes, calcispheres, foraminifers
Peloidal intraclastic skeletal packstone: peloids,
intraclasts, skeletal grains; ostracodes, calcispheres,
foraminifers
Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts; coral, brachiopods, echinoderms, foraminifers,
calcispheres
Skeletal wackestone: skeletal grains, dolomitic, replacive
anhydrite; ostracodes, calcispheres .
Skeletal wackestone: skeletal grains, dolomitic, replacive
anhydrite; echinoderms, ostracodes
Skeletal peloidal packstone: skeletal grains, peloids;
foraminifers, echinoderms, ostracodes, calcispheres
Skeletal packstone: skeletal grains, dolomitic, some
silicification; brachiopods, mollusks, coral, ostracodes,
trilobites
RATCLIFFE INTERVAL
Bowman Count!. NOOS 4654
7512.1 Mudstone: dolomitic, anhydritic
7568.5 Mudstone: silty, dolomitic, laminated
7571.1 Skeletal mudstone:
ostracodes
skeletal grains, dolomitic; brachiopods,
Skeletal wackestone-packstone: intraclasts, skeletal grains,
dolomitic; echinoderms, brachiopods, ostracodes
5 Skeletal wackestone: skeletal grains, dolomitic;
echinoderms, brachiopods, ostracodes
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7571.9 Mudstone:
ostracodes
rare skeletal grains, intraclasts, laminated;
7576.3 Mudstone: rare skeletal grains, dolomitic, burrowed;
brachiopods, ostracodes
7583.3 Algal boundstone: peloids, algae coated grains, dolomitic;
algae, ostracodes, calcispheres
7591.9 Algal boundstone: skeletal grains, peloids, dolomitic,
anhydrite replacement; ostracodes, calcispheres
7596.5 Mudstone: silty, dolomitic, anhydrite replacement
7597 Peloidal oolitic mudstone-packstone:
grains, ooids, anhydrite replacement;
peloids, rare skeletal
ostracodes
7598.5 Mudstone: rare skeletal grains, dolomitic; ostracodes
Intraclastic packstone:
dolomitic, anhydritic
intraclasts, silicification,
7614.6 Peloidal skeletal packstone: peloids, skeletal grains,
siliceous, dolomitic, anhydritic; echinoderms, ostracodes
foraminifers
Intraclastic peloidal skeletal wackestone-packstone:
intraclasts, peloids, skeletal grains; echinoderms, algae,
ostracodes
7619.1 Wackestone: skeletal grains, siliceous
7628.5 Wackestone-mudstone:
ostracodes
rare skeletal grains, silicification;
,5 Mudstone: rare skeletal grains, silicification
Burke County NOOS 2158
Intraclastic peloidal packstone: intraclasts, peloids,
anhydrite replacement; calcispheres
6607.1 Mudstone: very rare skeletal grains;
silicification; ostracodes
anhydritic,
6623.5 Skeletal packstone: skeletal grains, dolomitic
echinoderms, brachiopods, bryozoans, trilobites
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NOOS 2391Burke County
Skeletal wackestone: skeletal grains, dolomitic, burrowed;
ostracodes, mollusks, brachiopods
6674.2
Oolitic intraclastic peloidal grainstone-packstone: ooids,
rare skeletal grains, intraclasts, anhydritic replacement;
foraminifers
6690.3
6704 oncolites, peloids, dolomitic;Oncolitic peloidal packstone:
algae, ostracodes, calcispheres
NOOS 3847.Burke County
5708.9 Mudstone: dolomitic, silty, laminated
5710.4 Mudstone: dolomitic, anhydritic
5714.1 Mudstone: dolomitic
5714.9 Mudstone: dolomitic, anhydritic
5715.6 Mudstone: silty, dolomitic, laminated
5716.3 Mudstone: dolomitic, laminated
silty, dolomitic, anhydritic, laminated5717.6 Mudstone:
5722.8 Intraclastic peloidal skeletal grainstone-packstone:
intraclasts, peloids, skeletal grains; gastropods, algae,
ostracodes, calc1spheres
5726.8 Skeletal wackestone: peloids, skeletal grains, dolomitic,
anhydritic; echinoderms, ostracodes
5728.2 Skeletal peloidal wackestone: skeletal grains, peloids,
laminated; echinoderms, ostracodes, brachiopods
5728.4 Skeletal wackestone: peloids, skeletal grains, dolomitic;
echinoderms, ostracodes. algae, brachiopods
Skeletal wackestone-packstone: peloids, skeletal grains,
dolomitic, laminated, anhydritic; echinoderms, ostracodes
5729.2
5729.4 Skeletal wackestone: skeletal grains, peloids, dolomitic;
brachiopods, ostracodes, echinoderms
5730.1 Skeletal wackestone-mudstone: rare skeletal grains, silty,
dolomitic, laminated; ostracodes, brachiopods
5731.7 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, algae, ostracodes, foraminifers
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5732.1 Oolitic peloidal skeletal packstone; ooids, peloids,
skeletal grains, anh ydri tic, siliceous; echinoderms,
brachiopods, ostracodes, algae, foraminifers
peloids, skeletal grains,Peloidal skeletal packstone:
dolomitic, anhydritic; coral
5736.1 Intraclastic skeletal packstone-grainstone: intraclasts
skeletal grains, dolomitic, anhydritic; echinoderms,
brachiopods, algae, ostracodes, foraminifers
5 Recrystalized intraclastic skeletal packstone: intraclasts,
skeletal grains, peloids, anhydritic, siliceous;
echinoderms, algae, foraminifers, brachiopods, mollusks
5738.1 Intraclastic skeletal packstone: intraclasts, skeletal
grains, replacive anhydrite; algae, echinoderms, mollusks,
brachiopods, foraminifers
5740.9 ooids,Oolitic intraclastic skeletal grainstone-packstone:
intraclasts, skeletal grains, replacive anhydrite;
echinoderms, bryozoans, coral, foraminifers, algae
5741.3 Intraclastic skeletal peloidal packstone: intraclasts,
skeletal grains, peloids, anhydritic, siliceous; algae,
echinoderms, ostracodes
NOOS 2251Divide Countv
6676.9 Mudstone: silty, laminated, anhydritic
6683.6 Mudstone: silty, sandy, dolomitic, laminated; ostracodes
6687.3 Wackestone:
ostracodes
silty, sandy, skeletal fragments, dolomitic;
6690.6 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; echinoderms, ostracodes, brachiopods, algae
6695.9 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; ostracodes, echinoderms, algae
6696.4 rare skeletal grains, dolomitic,
ostracodes, c&lcispheres
Mudstone-wackestone:
replacive anhydrite;
6700.9 Skeletal wackestone:
anhydrite; ostracodes
skeletal grains, dolomitic, replacive
6706.3 Skeletal peloidal intraclastic packstone: peloids, skeletal
grains, intraclasts; algae, ostracodes, echinoderms,
foraminifers
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6719.9 Skeletal packstone: skeletal grains, dolomitic;
brachiopods, echinoderms, ostracodes, trilobites, mollusks
6728.7 Skeletal packstone: skeletal grains. dolomitic;
echinoderms, brachiopods
6733.5 Peloidal skeletal packstone: peloids, skeletal grains;
anhydritic replacement; ostracodes, calcispheres,
foraminifers
6739 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, ostracodes, foraminifers
6744.9 Peloidal skeletal packstone: peloids, skeletal grains, algal
clumps; ostracodes, echinoderms, mollusks, foraminifers
NOOS 3456Divide CountI
6614 Mudstone: dolomitic
6515.5 peloids, dolomitic, laminatedPeloidal mudstone:
Peloidal intraclastic wackestone-packstone: peloids,
intraclasts, dolomitic, anhydritic replacement
6619.5 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; echinoderms, mollusks, brachiopods, ostracodes,
foraminifers
Skeletal peloidal packstone: peloids, skeletal grains,
intraclasts, dolomitic; echinoderms, brachiopods,
trilobites, ostracodes, foraminifers
Skeletal wackestone: skeletal grains, siliceous, anhydrite
replacement; brachiopods, ostracodes, echinoderms
Skeletal wackestone: skeletal grains, dolomitic;
echinoderms, ostracodes, brachiopods. foraminifers
Peloidal skeletal wackestone-packstone: peloids, skeletal
grains, dolomitic; echinoderms, algae, coral, ostracodes,
foraminifers
Oolitic packstone: ooids, peloids, intraclasts
6633 Skeletal wackestone: skeletal grains, dolomitic, anhydrite
replacement; ostracodes, calcispheres, mollusks
Skeletal wackestone: skeletal grains; dolomitic, anhydrite
replacement; ostracodes, calcispheres, mollusks
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6640 Peloidal skeletal wackestone: peloids, skeletal grains,
dolomitic; echinoderms, brachiopods, mollusks, ostracodes,
calcispheres
6640.5 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; mollusks, gastropods, foraminifers
oncolites, coated grains, peloids,Oncolitic packstone:
dolomitic
6648 Oncolitic packstone:
replacive anhydrite
oncolites, coated grains, dolomitic
6648.5 Oolitic intraclastic packstone:
peloids, intraclasts, dolomitic;
ooids, coated grains,
ostracodes
Peloidal intraclastic packstone: peloids, intraclasts
anhydritic; ostracodes
6653 Peloidal skeletal packstone: peloids, skeletal grains,
dolomicrite; ostracodes, algal clasts
6654 Oolitic packstone: ooids, coated grains, dolomitic;
ostracodes, algae, foraminifers
6657 Peloidal skeletal packstone: skeletal grains, peloids,
anhydritic, dolomitic; algae, bryozoans, ostracodes
6664 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, dolomitic, anhydritic; algae
mollusks, brachiopods, coral, ostracodes
6668 Mudstone: dolomitic, laminated
6676 Mudstone: peloids, dolomitic
6683 peloids, skeletal grains, dolomitic;Peloidal wackestone:
ostracodes
Mudstone:
laminated
rare skeletal grains, silicification, dolomitic,
Mudstone: skeletal grains, dolomitic, anhydritic
Peloidal skeletal wackestone: peloids, skeletal grains,
anhydritic; ostracodes, calcispheres
Mudstone:
fragments;
dolomitic, anhydritic, laminated, skeletal
ostracodes
Peloidal skeletal packstone-wackestone: peloids, skeletal
grains, siliceous; echinoderms, brachiopods, trilobites,
ostracodes, algae
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6718.9 Skeletal packstone-wackestone: skeletal grains, peloids,
dolomitic, anhydritic; echinoderms, brachiopods, mollusks,
trilobites, foraminifers, algae
6720 Peloidal skeletal packstone-grainstone: peloids. skeletal
grains; echinoderms, mollusks, ostracodes, algae,
foraminifers
NOOS 60 7Dunn County
8939.1 Peloidal skeletal packstone: peloids, skeletal grains,
replacive anhydrite, dolomitic; brachiopods, ostracodes,
mollusks, calcispheres
8966.1 Skeletal wackestone-packstone: skeletal grains, anhydritic
replacement; ostracodes, trilobites, calcispheres
8969.5 Oolitic skeletal packstone: ooids, intraclasts, skeletal
grains, anhydrite replacement; gastropods, ostracodes
8978.5 Intraclastic oolitic packstone:
replacive anhydrite
ooids, intraclasts,
8986.1 Mudstone: silty, dolomitic
8986.5 intraclasts, dolomitic, replaciveIntraclastic packstone:
anhydrite; ostracodes
8987.1 Peloidal packstone: peloids. siliceous. dolomitic/anhydritic
matrix; ostracodes. calcispheres
8991.5 Peloidal packstone: peloids, skeletal grains, dolomitic,
anhydritic replacement; algae, ostracodes
8992.7 Skeletal packstone: rare skeletal grains, anhydritic
replacement, dolomitic; foraminifers, ostracodes
8996.1 Mudstone:
ostracodes
silty, rare skeletal grains, laminated; rare
9000.1 ooids, skeletal grains; algae,Oolitic grainstone;
calcispheres
9003.1 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; calcispheres, mollusks, brachiopods, foraminifers
9006.1 Peloidal skeletal packstone: peloids, intraclasts, skeletal
grains, dolomitic; echinoderms, brachiopods, ostracodes,
algae, foraminifers
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9008.5 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods. foraminifers,
ostracodes
9015.5 Skeletal peloidal packstone: skeletal grains. peloids;
brachiopods. algae. foraminifers. echinoderms
9023.5 Skeletal wackestone: skeletal grains, dolomitic
brachiopods, trilobites, ostracodes
9025.8 Skeletal packstone: skeletal grains, dolomitic, anhydritic
replacement; echinoderms, brachiopods, ostracodes,
foraminifers
9033.5 skeletal grains; echinoderms,Mudstone-skeletal wackestone:
brachiopods, ostracodes, algae
2 Skeletal wackestone-mudstone:
replacive anhydrite
rare skeletal grains,
9047.1 Intraclastic packstone: intraclasts, skeletal grains,
dolomitic; echinoderms, calcispheres
9052.1 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, replacive anhydrite, dolomitic;
echinoderms, mollusks, brachiopods, foraminifers
NOOS 734Dunn County
Mudstone: dolomitic, laminated
8385.5 Peloidal algal boundstone:
algae, ostracodes, mollusks
peloids, anhydritic replacement;
8387.5 Peloidal skeletal packstone-grainstone: peloids, skeletal
grains; echinoderms, brachiopods, algae, foraminifers
Skeletal wackestone-packstone: skeletal grains, dolomitic;
ostracodes, algae, mollusks, echinoderms
Mudstone: skeletal grains, dolomitic; ostracodes
8393.5 Mudstone: skeletal grains, anhydrite;
calcispheres
ostracodes,
8426.5 Mudstone: dolomitic
8433A Peloidal intraclastic oolitic skeletal grainstone: peloids,
intraclasts, skeletal grains, ooids; ostracodes, algae,
mollusks, foraminifers
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8433B Peloidal intraclastic skeletal grainstone-packstone:
peloids. algal intraclasts. skeletal grains. anhydritic;
ostracodes. brachiopods. algal. foraminifers
8438.1 Intraclastic peloidal packstone: intraclasts, peloids, rare
skeletal grains, dolomitic, anhydritic; ostracodes,
calcispheres
8448.9 silty, dolomitic, laminated; ostracodes, algaeMudstone:
8449.6 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic, anhydritic, laminated; ostracodes, calcispheres
8464.5 Intraclastic peloidal packstone: intraclasts, peloids
skeletal grains, replacive anhydrite; ostracodes,
calcispheres
8465.1 Peloidal algal boundstone: peloids, intraclasts, dolomitic
replacement, anhydritic replacement; algae, calcispheres,
ostracodes
8465.3 Intraclastic peloidal packstone: intraclasts, peloids,
skeletal grains, anhydritic replacement, dolomitic
replacement; ostracodes
NOO§ ~lMcKenzie Countv
9010.1 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains; brachiopods, echinoderms, algae
9UO.9 Intraclastic skeletal packstone: intraclasts, peloids,
skeletal grains, anhydritic; echinoderms, brachiopods,
calcispheres, foraminifers
9017.8 Mudstone:
laminated
rare skeletal grains, dolomitic, anhydritic
9120.3 Skeletal wackestone: skeletal grains, dolomitic;
echinoderms, brachiopods, mollusks, foraminifers
9027.3 Mudstone: rare skeletal grains, anhydritic; rare ostracodes
9028.5 Mudstone: rare skeletal grains, anhydritic; rare ostracodes
9030.6 Mudstone: rare skeletal grains, anhfdr1tic; ostracodes
9069.1 Mudstone: anhydritic, laminated
9077.3 Mudstone: skeletal grains, anhydritic; ostracodes
9082.1 Skeletal wackestone-mudstone: small skeletal grains
burrowed; ostracodes, echinoderms
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9082.7 intraclasts, peloids;Intraclastic peloidal wackestone:
f oraminif ers, ostracodes
9085.1 ostracodespeloids, skeletal grains;Peloidal wackestone:
9091.4 Oolitic peloidal skeletal packstone-grainstone: ooids,
intraclasts, peloids, skeletal grains; echinoderms,
brachiopods, foraminifers
9097.7 echinodermsSkeletal wackestone: skeletal grains;
9099.8 Skeletal peloidal packstone: skeletal grains, peloids,
laminated; coral, brachiopods, ostracodes, algae
9101.5 Mudstone-skeletal packstone: rare skeletal grains;
brachiopods, echinoderms, algae
9105.4 Skeletal packstone: skeletal grains, peloids;
echinoderms, mollusks, foraminifers
brachiopods,
9105.9 Intraclastic skeletal packstone: intraclasts, skeletal
grains, anhydritic; echinoderms, brachiopods, algae
9109.8 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, anhydritic; brachiopods,
echinoderms, foraminifers, mollusks
9116.9 Skeletal packstone-grainstone: skeletal grains;
foraminifers, echinoderms, mollusks
9.126.7 Skeletal packstone: skeletal grains; echinoderms,
brachiopods, gastropods, ostracodes, foraminifers
9120.1 Skeletal packstone: skeletal grains; echinoderms, coral,
foraminifers, gastropods, brachiopods, ostracodes
NDGS 956McKenzie County
8942.1 Intraclastic skeletal packstone: intraclasts, skeletal
grains, algal clasts; echinoderms, algae, mollusks
9242.6 Peloidal skeletal packstone: peloids, skeletal grains;
ostracodes, algae, brachiopods, foraminifers
9250.9 Skeletal intraclastic peloidal packstone: skeletal grains,
intraclasts, peloids; echinoderms, mollusks, ostracodes,
brachiopods, algae
9254.8 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, siliceous; coral, ostracodes,
calcispheres, foraminifers
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9260.8 peloids, intraclasts, skeletal
ostracodes, algae
Peloidal skeletal wackestone:
grains, dolomitic, anhydritic;
9276.6 Peloidal skeletal packstone: peloids, skeletal grains,
siliceous, anhydritic; echinoderms, brachiopods,
foraminifers
9296.5 Skeletal packstone: skeletal grains, peloids, intraclasts,
anhydritic; gastropods, echinoderms~ brachiopods,
trilobites, foraminifers
9298.4 Peloidal skeletal wackestone-packstone: skeletal grains,
dolomitic, anhydritic; brachiopods, ostracodes, foraminifers
Skeletal packstone: skeletal grains; echinoderms,
brachiopods, trilobites, coral, bryozoans
9340.2
9346.6 Intraclastic oolitic packstone: intraclasts, skeletal
grains; ostracodes, algae, calcispheres
N]x;S 2667,McKenzie County
9462.3 Siltstone: silty, dolomitic, laminated
9465.2 Skeletal wackestone: silty, skeletal grains, dolomitic;
echinoderms, brachiopods, ostracodes
Skeletal packstone: skeletal grains, dolomitic, siliceous;
coral, echinoderms, brachiopods, trilobites, ostracodes,
foraminifers
9470
9479.3 Skeletal packstone: skeletal grains; echinoderms,
brachiopods, trilobites, bryozoans, ostracodes, foraminifers
9479.9 Mudstone: ostracodessilty, dolomitic, laminated;
9481.4 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, algae, foraminifers
9487.5 Skeletal peloidal grainstone-packstone: skeletal grains,
peloids; echinoderms, brachiopods, trilobites, ostracodes,
algae, foraminifers
9507.8 Skeletal peloidal grainstone: skeletal grains, peloids;
echinoderms, trilobites, ostracodes, algae, foraminifers
9518.4 Skeletal packstone: skeletal grains, silicified;
brachiopods, bryozoans, ostracodes, algae
coral,
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9525.7 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic, anhydrite replacement; echinoderms, brachiopods,
ostracodes, algae, foraminifers
peloids, skeletal grains,
ostracodes, echinoderms,
9530.9 Peloidal skeletal packstone:
coated grains, anhydritic;
brachiopods, foraminifers
MOOS 1628Ward County
Intraclastic skeletal packstone: intraclasts, skeletal
grains, dolomitic; echinoderms, brachiopods, ostracodes
5580.4
Peloidal skeletal packstone: peloids, skeletal grains,
intraclasts, anhydritic; ostracodes
5581.1
5581.9 Mudstone:
ostracodes
rare skeletal fragments, anhydritic. siliceous;
5583.3 Oolitic skeletal grainstone-packstone: ooids, skeletal
grains, peloids, anhydritic; brachiopods, echinoderms, algae
5587.2 Intraclastic peloidal packstone: Intraclasts, peloids,
anhydritic, siliceous; brachiopods, trilobites, ostracodes
Oolitic skeletal grainstone-packstone: Ooids, skeletal
grains, anhydritic; ostracodes, trilobites, brachiopods
5593.4
5593.8 rare skeletal grains, siliceous, anhydritic;Mudstone:
ostracodes
NDGS 1876Ward County
6179.7 Skeletal intraclastic packstone: skeletal grains,
intraclasts, peloids, dolomitic; echinoderms, brachiopods
trilobites, ostracodes, foraminifers
6100.1 Skeletal grainstone: skeletal grains, anhydritic;
echinoderms, brachiopods, algae, ostracodes
6183.6 skeletal grains, replacive anhydrite;Skeletal packstone:
oncolites, ostracodes
6189.8 Skeletal peloidal wackestone-packstone: algal clasts,
peloids, skeletal grains; ostracodes, brachiopods
6193.7 skeletal grains; oncol1tes,Skeletal wackestone-packstone:
ostracodes, calcispheres
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6385.8 Mudstone:
ostracodes
rare skeletal grains, dolomitic, laminated;
6392 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, dolomitic, anhydrite replacement;
echinoderms, algae, ostracodes, trilobites, foraminifers
6392.5 Peloidal skeletal packstone-wackestone: peloids, skeletal
grains, dolomitic, anhydrite replacement; echinoderms,
brachiopods, trilobites, bryozoans, ostracodes, foraminifers
6397. SA Peloidal skeletal packstone: peloids, skeletal grains,
siliceous; echinoderms, brachiopods, ostracodes, bryozoans
6397.5B Peloidal skeletal packstone: peloids, skeletal grains,
6399.5 Skeletal wackestone:
replacive anhydrite;
skeletal grains, peloids, dolomitic,
echinoderms, brachiopods, ostracodes
6411.5 Skeletal mudstone-wackestone: skeletal grains, dolomitic,
replacive anhydrite; ostracodes, calcispheres, echinoderms
6413.5 Peloidal skeletal packstone: peloids, skeletal grains,
anhydrite replacement; mollusks, echinoderms, bryozoans,
algae, brachiopods
6414.1 Skeletal packstone: skeletal grains, dolomitic, anhydritic
echinoderms, bryozoans, ostracodes
6425.1 Skeletal wackestone: skeletal grains, anhydritic
replacement, siliceous; ostracodes, algae, calcispheres
6509.5 Peloidal skeletal packstone: peloids, skeletal grains;
echinoderms, brachiopods, algae, ostracodes, calcispheres
Wells Countv NOOS 4096
2961.5 Mudstone: dolomitic, anhydritic replacement
2961.7 Mudstone: anhydritic, burrowed
2970.8 Mudstone: dolomitic, anhydritic replacement, laminated
2979.8 Mudstone: silty, dolomitic, laminated
2981.2 Mudstone: silty, dolomitic, laminated
2983.6 Mudstone: replacive anhydrite, laminated
dolomitic, anhydritic; echinoderms, brachiopods, ostracodes,
foraminifers
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2988.6 Mudstone: silicified, anhydritic, oncolitic
2999.3 Mudstone: anhydri tic, dolom1 tic
3112.8 Mudstone: dolomitic, replacive anhydrite
NOOS 44Williams County
8454.4 Skeletal packstone: peloids, skeletal grains;
brachiopods, echinoderms
ostrscodes,
8460.9 Wackestone-packstone: anhydritic, dolomitic
8480.1 Mudstone: dolomitic, replacive anhydrite
8484.5 Mudstone: silty, dolomitic, laminated
8489.9 Mudstone: silty, peloids
8493.7 Mudstone: 8i1 t y, dolomitic, laminated
8503 Mudstone: peloids. laminated
8504.5 Mudstone: peloids, anhydritic, laminated
8510.7 Peloidal mudstone: peloids, anhydritic
8513.5 Skeletal intraclastic grainstone: skeletal grains,
intraclasts; echinoderms, brachiopods, trilobites,
foraminifers, algae
8515.5 Skeletal wackestone-packstone: skeletal grains, dolomitic;
echinoderms, brachiopods, ostracodes, trilobites, algae
8516.5 Mudstone:
ostracodes
rare skeletal grains, laminated; algae,
8518.1 Mudstone: dolomitic, laminated, replacive anhydrite
8519.6 Skeletal packstone: skeletal grains, dolomitic, replacive
anhydrite; echinoderms, brachiopods, algae, foraminifers,
ostracodes
8522.1 Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, ostracodes, foraminifers, algae
8524.1 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, ostracodes
8525.1 Sandstone: detrital silt and sand
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8525.5 Sandstone: detrital sand and silt
8555.7 Mudstone: anhydritic
Oolitic peloidal packstone: ooids, peloids, skeletal
fragments, dolomitic, anhydrite replacement; ostracodes,
calcispheres, foraminifers
8571.8 Mudstone: intraclasts, skeletal grains, dolomitic, anhydrite
replacement, laminated; echinoderms
8590.9 Peloidalintraclast1c packstone: intraclasts, peloids,
skeletal grains, anhydrite replacement; algae, bryozoans
brachiopods, foraminifers
8594.6 Mudstone: peloids, skeletal grains, laminated;
brachiopods, calcispheres
ostracodes,
Peloidal skeletal packstone-wackestone: peloids, skeletal
grains, dolomitic; echinoderms, algae, ostracodes
8625.9 Intraclastic peloidal skeletal packstone: intraclasts,
peloids, skeletal grains, dolomitic; algae, ostracodes,
foraminifers
8627.8 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, ostracodes,
foraminifera, algae
8627.9 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, algae, foraminifers,
mollusks
MOOS 3235Williams County
8993.9 Algal boundstone: anhydritic: algae
8998.5 Oncolitic wackestone:
anhydritic
oncolites, coated grains, dolomitic,
9121.1 Skeletal packstone: skeletal grains;
brachiopods, bryozoans, mollusks
echinoderms,
912.5.1 Skeletal peloidal packstone: skeletal grains,
silicification; coral, bryozoans, mollusks, echinoderms,
brachiopods, ostracodes
9134.8 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, mollusks, ostracodes
235
9141.2 Skeletal peloidal packstone: skeletal grains, peloids;
echinoderms, brachiopods, trilobites, ostracodes,
foraminifers
9142 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, trilobites, ostracodes
9142.1 Skeletal peloidal packstone: skeletal grains, peloids,
dolomitic; echinoderms, brachiopods, trilobites, ostracodes
9147.5 Skeletal packstone: skeletal grains, dolomitic;
echinoderms, brachiopods, coral, trilobites, ostracodes
91.54.8 Skeletal packstone: skeletal grains, peloids, dolomitic;
echinoderms, brachiopods, trilobites, ostracodes
9156.1 Skeletal packstone: skeletal grains, peloids, dolomitic;
echinoderms, brachiopods, trilobites
9160 Peloidal skeletal packstone: peloids, skeletal grains,
dolomitic; echinoderms, brachiopods, mollusks, bryozoans,
ostracodes
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